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FOREWORD 


Since its creation by the Congress in 1910, the Bureau of Mines has fostered 
prudent exploitation of our mineral and mineral-fuel resources, Even though the 
United States has abundant reserves of solid fuels, sufficient to last many cen- 
turies with wise use of present reserves, it is recognized that development of our 
lower rank fuels in the vast untapped reserves of the North Central States will 
greatly enhance our mineral wealth. 


Lignite as a source of fuel and chemical materials has long been regarded as 
an important asset to the Nation's economy. As the reserves of the higher rank 
coals of the Appalachian region are eventually depleted, large quantities of lower 
rank coals will be required to maintain our position of leadership in the industrial 
world. In view of this, the Bureau of Mines has been conducting investigations to 
develop more efficient methods of utilizing our vast reserves of lignitic coals. 
One notable accomplishment in this direction is the construction of a large Texas 
power plant, in which it is planned to employ lignite char as fuel for power genera- 
tion. 


This char manufacturing process with its accompanying valuable tars is the 
outgrowth of a process developed by the Bureau of Mines at its Denver Station. In 
1951, construction of the Bureau's Charles R. Robertson Lignite Laboratory was con- 
pleted at Grand Forks, N. Dak. It is anticipated that the major lignite projects 
of the Bureau will be conducted at this laboratory in cooperation with industry and 
the various Government agencies, 


This report is composed of two parts; part 1 covers the technology of European 
lignitic coal, statistics on production and costs of North Dakota lignitic coals, 
their occurrence and properties, mining, preparation, storage, and transportation; 
part 2 covers the utilization of lignite. Owing to the broad field discussed, it 
was necessary that contributions of a number of Bureau authors be assembled and 
integrated to facilitate the final product. A major portion of the work emanated 
from the Bureau's lignite laboratory at Grand Forks, N. Dak., under the guidance and 
authorship of Robert McMurtrie, chief of the Lignite Branch of that station, and 
under the general supervision of J. Daniel Lankford, chief, Fuels Technology Divi- 
Sion, Region V, Minneapolis, Minn. Significant contributions were made by Walter H. 
Oppelt, Robert C. Ellman, Edward F. Golob, Gordon H. Gronhovd, Jerome J. Hoeppner, 
Jr., Theodore W. Kamps, Jr., Wayne R. Kube, and Alfred Traverse. 


In the Washington office of the Bureau of Mines portions were supplied by 
Joseph J. Gallagher under the general supervision and assistance of Thomas W. 
Hunter, chief, Coal Branch, Louis L. Newman, and Arthur J. Stewart, Jr., with final 
editing and assembling by the office of the coal technology coordinator, all of the 
Fuels and Explosives Division, Washington, D.C. 


Louis C. McCabe 
Chief, Fuels and Explosives Division 
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1. COMBUSTION - POWER GENERATION 


The lignite deposits of the United States represent a huge potential source of fuel 
for power generation. It has been estimated that lignite constitutes about 24 percent 
of the remaining National reserves of solid fuel on a tonnage basis and about 15 percent 
of the reserves on a B,t.u. basis, (See sec, 3, part 1.) The major portion of these 
reserves is in North Dakota. 


Lignite has beam used locally for domestic heating since the first settlers bummed 
it at forts and fur-trading posts as early as 1855. Some of the first studies of the 
use of lignite in steam boilers were conducted by the Federal Bureau of Mines from 1910 
to 1920 (15, 19).1/ However, the commercial utilization of lignite as fuel for producing 
power developed slowly. Not until about 1925 was any really successful lignite industrial 
fuel-buaning equipment developed. Since them the commercial use of lignite as a fuel 
for producing power has been increasing steadily. 


Because of its high moisture content, low heating value, and lack of preferential 
transportation rates, lignite has a more restricted area of competition than is generally 
true of higher rank coals. The approximate extent of the lignite-consuming area is 
shown in figure 36 (see sec. 6, part 1) and analyses and characteristics of North Dakota 
lignites are discussed in sec, 3, part l. 


When used with properly designed fuel-burning equipment, lignite has proved to be a 
satisfactory fuel for power generation, With the equipment now being used, the dis- 
advantage of high moisture content in lignite is largely overcome, as regards firing and 
heat-release conditions in the furnace, although, obviously, greater amoumts of fuel and 
ash must be handled per unit quantity of power generated than with higher rank coals, 


It is interesting to note the important role that coal is playing in the rapidly 
expanding electric utilities industry in the Nation. Utility power-generating capacity 
is growing at the fastest rate in history, In 1950 approximately 50 percent (21) of the 
total energy output of electric utilities was generated with coal. Trends indicate a 
continued expansion of electric utilities with greatly increased consumption of coal 
in the near future, The utilization of North Dakota lignite in electric utilities plants 
has increased quite rapidly in the last few years also. For example, in 1944 the annual 
production of lignite in North Dakota was 2,516,000 tons, of which 54 percent (1) was 
used domestically and 46 percent was used industrially. By 1951 the output had expanded 
to 3,281,000 tons, with an increase in industrial use to 66 percent (14) and a decrease 
in domestic use to 34 percent. The increased use of fuel oil for domestic heating has 
caused the rapid reduction in the domestic coal market. 


Methods of Firing 


Lignite has been successfully burned in power boilers by each of the following 
methods: Underfeed stoker, traveling-grate stoker, spreader stoker, pulverized firing, 
and the cyclone bummer, The wnderfeed stoker was never very popular for use with 


1/ Underlined numbers in parentheses refer to citations in the bibliography at the end 


of this section. 
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lignite, and it is now considered obsolete. The first real progress in the utilization 
of lignite for power plants was brought about by the successful develomment of forced- 
draft traveling-grate stokers., This method of firing lignite was used extensively for 
a@ number of years, However, it now has been largely replaced by the more versatile 
spreader stoker. Most of the power plants constructed in the last few years are fired 
with spreader stokers used in conjuction with a traveling grate. However, the boiler- 
size limitation inherent in this method of firing, which will be discussed elsewhere 

in this section, is such that for large installations the unit-pulverizer method has 
been chosen, The use of pulverized-lignite firing for large central power stations will, 
no doubt, be further expanded in the future. The recently developed cyclone burner has 
been found, in one plant test, to give satisfactory operation with lignite. 


The various methods of firing lignite in power boilers are discussed in further 
detail below: 


Underfeed Stokers 


In an underfeed stoker coal is introduced through a retort beneath the fuel bed, 
The volatile gases are distilled off and burmed as the coal moves up through the in- 
candescent fuel bed, Air for combustion is introduced through tuyéres that form the 
Sides of the retort. The fuel bed for wderfeed stokers is usually quite thick and 
requires considerable agitation to move the fuel, Since lignite is a free-burning coal, 
which does not hold together, and when wderfed burns in a very thin layer, it tends to 
drift or avalanche as a result of the air pressure and bed agitation. For this reason 
underfeed stokers have not been used extensively with lignite. Other disadvantages 
common to this method of firing are high maintenance costs and lack of flexibility in 
operation, Although there have been some reasonably satisfactory installations with 
underfeed stokers (5, 18) fired with lignite, at present this type of mit is not being 
used in any power-generating station in the North Dakota lignite-burning region. 


Chain- and Traveling-Grate Stokers 


There is a distinction between chain-grate and traveling-grate stokers, based on 
the link attaciment and drive mechanism; but operation of both is essentially the same, 
and for the purposes of this discussion they will not be considered separately, In 
either instance, cast-iron links are assembled to form an endless grate, which is driven 
around a supporting structure by suitable chains and sprockets. Its operation is similar 
to that of a conveyor belt. Fuel is fed by gravity from the hopper and forms a level, 
uniform bed on the moving grate surface, The fuel is ignited by the radiated heat from 
the ignition arch and by hot gases forced over the bed by the rear arch, Forced draft 
is supplied to compartments between the strands of the grate. Each compartment has a 
demper for zoning and controlling the air to the various sections of the grate. As the 
grate moves the coal toward the rear of the furnace, the combustion process is completed, 
and the ash is automatically discharged into the ash hopper. 


Since the fuel bed is not agitated with this type of stoker it is well-adapted for 
use with free-bumning coals, such as lignite. During the period from 1921 to lof a 
number of forced-draft, traveling-grate stokers were installed in lignite-burning power 
plants in the United States and Canada, The early mits were designed for preheated air 
temperatures (18) of about 300° F, It has since been found desirable to increase air 
temperature to 00° F. or more to improve the speed and stability of ignition. By 
increasing the preheated-air temperatures, it has been possible to obtain combustion 
rates considerably higher than those for which the mit was originally designed. Various 
types of ignition arches were tried with traveling-grate stokers. The most successful 
design (5) has been a low, long, water-cooled rear arch, The rear-arch design is used 
to force hot combustion gases across the bed top to increase both ignition and burning 
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rates. Overfire air jets have been successfully used to create turbulence and mix 
the furnace gases, improving combustion, 


Proper size consist and distribution of the lignite feed on the grate are important 
factors in obtaining good operating results with this method of firing. If the fuel bed 
is not uniform, owing to improper sizing of the coal, blowholes may occu and air distri- 
bution will not be wmiform over the fuel bed. The coal size used with this method of 
firing ranges from l- to 1-1/2-inch maximum size, with the permissible percentage of 
fines depending upon the draft used, 


The largest boilers in the North Dakota ligite-burning region using traveling- 
grate stokers are the mits at the Kidder station of theOtter TailPower Co. at 
Wahpeton, N. Dak. This plant has two boilers of 100,000-pound-steam-per-how capacity 
fired by this method, These mits have maximum efficiencies of about 80 percent. A 
number of emaller furnaces (2, 12) in this region successfully use this type of stoker, 
and it has been estimated that & unit as large as 200,000-pound-steam per hour could be 
successfully fired with a traveling-grate stoker burn ing lignite. Figure 1 (12 12) shows a 
typical lignite-fired traveling-grate installation. This wit was installed at the 
Devils Lake station of the Otter TailPower Co, in 1947. Operating-performance data (12) 
for this boiler are shown in figure 2. 


Because of the characteristic of traveling grates to respond slowly to load 
changes owlng to the relatively large quantity of fuel on the grate at one time and 
because of difficulty in burning coal with a high percentage of fines efficiently, the 
trend is toward the use of other types of stokers in the new installations. 


Spreader Stoker 


With spreader stokers, coal is thrown into the furnace and wmiformly distributed 
over the grate either mechanically, as with a rotor, or pneumatically. Dumping or 
traveling grates may be used, The latter has proved to be more desirable for large 
boilers (7) because it offers the following advantages: A cleaner boiler room, no 
fuel-bed agitation, no loss in rating during ash discharge, and a lower combustible 
content in the ash. The traveling grate normally moves toward the front of the boiler. 
Primary air is introduced below the grates, and overfire air is supplied above the fuel 
bed, Fine portions of the fuel are dried and bined in suspension when thrown into the 
highly heated furnace cavity. The larger particles, which also are partly dried in 
Suspension, fall to the grate and are burned there. Other things being equal, the 
percentage of fuel burned in suspension is a function of the size distribution of 
the fuel fed to the unit. Because of high moisture content, lignite shatters 
easily when exposed to the furnace atmosphere. Consequently, the portion burned 
in suspension and the amount of fly ash produced are greater when lignite is burned 
than when higher rank coals are fired by this method. 


In early installations boiler passes plugged owing to the long flame and large 
quantity of fly ash having a low fusion temperature. To correct this condition, 
furnace heights were increased, slag screens were added, and water-wall construction 
was used to reduce furnace outlet temperatures ( 13). As a result of the large percentage 
of fuel burned in suspension, the fuel bed is thin, and high-resistance grates are used 
with spreader stokers to control undergrate air distribution and flow. Preheated air 
temperatures as high as 400° F, are used with spreader stokers, Most installations 
utilize overfire air to prevent stratification of furnace gases, create turbulence in 
the furnace cavity, reduce fly ash carryover, and sametimes to control superheat. 


Less superheater surface per pound of fuel bimmed is required when lignite is 


burned than with other coals because of the greater volume of gases resulting from 
evaporation of the moisture in the lignite. 
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Figure |. - Traveling-grate-fired steam generating unit of 75,000-pound-steam-per-hour 
capacity at Devils Lake station of the Otter Tail Power Co., Devils Lake, 

N. Dak. See reference (12) in section |. 
(By permission of Industry and Power magazine) 
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Figure 2. - Performance of three steam generators fired by traveling grate stoker, 
spreader stoker, and unit pul verizer. 
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Dust collectors usually are installed with spreader stokers. Some plants re- 
inject cinders, but the large quantity of fly ash and the low combustible content of 
the ash do not make this practice as desirable with lignite as with other coals, If 
ash is reinjected, it usually consists of that caught from the boiler pass and air 
heater, although sometimes dust from the dust collectors is reinjected also (13). 


The commercial sizes of coal most commonly used are 2- by O-inch or 1-1/e- by 
O-inch screenings with a considerable percentage of fines (umder 1/2 inch), One of 
the most important operating factors for the spreader stoker; and one to which the 
stoker is most sensitive, is the size distribution of the feed. Almost any kind of 
coal can be burned successfully with the spreader stoker, provided the sizing is 
correct. For this reason, the spreader stoker often is chosen for plants having more 
than one type of coal available. Some of the other advantages of spreader stokers 
are (4, 7) low investment cost, low power requirements, low maintenance costs, rapid 
response to load changes, rapid starting, and ability to respond quickly from a condi- 
tion of live bank, 


Boiler capacity with spreader firing is limited by the distance the coal can be 
thrown with proper distribution. In present practice this distance is 18 to 19 feet. 
As a result, the maximum economic boiler capacity is considered to be approximately 
250,000 pounds of steam per hour (13). 


The largest spreader-stoker installation burning North Dakota lignite is the 
Ortonville plant of the Otter Tail Power Co., which has a capacity of 160,000 pounds 
of steam per hour, 


Some disadvantages of this method of firing are: The possibility of consider- 
able fly-ash carryover, frequent renewal of the fuel bed necessitated when operating 
with dump grates, and rapid burning out of the fire if the coal feed stops, owing to 
the amall amowmt of coal on the grates. 


A good example of a large modern spreader-stoker installation for burning lignite 
is the newest boiler at the Minnkota station, Grand Forks, N. Dak, This unit was added 
to the station in 1950, It is rated at 135,000-powmd-steam-per-how continuous capa- 
city and has a maximum 4-hour capacity rating of 150,000 powmds of steam per hour. 
Steam is gemerated at 615 p.s.i.g. and 825° F, The boiler is of the bent-tube type, 
with complete water-wall construction, It is fired by two spreader-type stokers with 
chain-grate ash removal, Each stoker has an active grate width of approximately l2 
feet and 170 square feet of grate area exposed to the furnace, Six overthrow-type 
coal feeders driven from a common line shaft supply fuel to the boiler. The super- 
heater is constructed in two sections and is of the center interbank vertical pendant 
type. A return-bend loop-header-type economizer received the gases from the boiler 
outlet. The tubular-type air pre-heater is constructed in two sections, The larger 
section receives gases from the economizer, and the smaller section is installed on 
the discharge side of the dust collector. The furnace is designed to reinject the 
cinders from the last pass hopper, Additional overfire air is supplied by a separate 
fan, 


Performance tests were run on this furnace in May 1950, The principal operating 
data from this test are plotted in figure 2. Overall boiler efficiencies exceeding 
80 percent were maintained from about 45 to 115 percent of the rated load, Preheater- 
air temperatures range from 300° to 350° F, Ash samples were collected from the last- 
pass hopper and dust-collector hopper during part of the test to determine the re- 
duction in combustible content by cinder reinjection, Less than 1 percent difference 
in combustible content of the ash was foumd for the two samples. Figure 3 shows 
graphically how the combustible content in the dust-collector hopper refuse increased 
with boiler capacity, whereas that of the ash pit refuse decreased, 
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Figure 3, - Percentage combustible in the refuse as a function of boiler load during 
performance test on 135,000-pound-steameper-hour boiler at the Minnkota 

station, Grand Forks, N. Dak. See reference (18) in section 1. 
(By permission of Am. Soc. Mech. Eng.) 
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Operating data, taken from the plant reports for 1952 for the entire Minnkota 
station on a monthly and yearly basis, are given in table 1. As would be expected, the 
average boiler efficiencies are lower than those shown in the charts for performance 
tests. 


TABLE 1, - Summary of operating data, 1952, Minnkota station, 
Minnkota Power Cooperative, Inc., Grand forks, 


N. Dak, 


(Data supplied by Minnkota Power Cooperative, Inc.) 


Fuel Costs..ccccccccccccvcccesseeconts per million B,t.u. 31 
Boiler OLLICLONCY s¢ 6st eedeeeeecdsscseevecvecesess percent TT 
Station heat rate...cccccccccccccebete. per net kw.-hr. 15 ,582 
Station consumption.....percent of gross power generated 6. 
Plant factorL e@eeeeseevoenee eee @ é0:0-66:6's 6 OS oUt wee DELCENG 
Running plant capacity factor/ 
Fuel COB G5: 65.606 cs aoaihebswboweeeoels per net kw.-hr. k 
Operating TR DON 66360606 Kw ES 555. a owe CNN Cee Rae ewe UOS 0, 
0 
0 


ha ale 4W are Owes ware ee Wee ae OO 


Maintenance including MATOPIG | 6s dics 6 asks betes wee eeeeaO. 
Misc eta GOUG <.66:5-a dew aoe Seb cace ee OS wae eee soewe wen ees OOs 
Total production Expense. .cccccccvccccccccsssececceseWe 5 

Station heat rate, best month.....B.t.u. per net kw.-hr, 15 ,07 
Boiler efficiency, best month.....cccccccccccceee parcent 7 

Station consumption, best MONT o5 bea bess 6os0G Weww Swleews 
dG Wb eee Ob we Maes wanes ee DOL CENL- Ol ss er generated 


; = oss kw.-hr. generated per yr. 
i/ Plant factor (hr. per yr.) (Installed capacity kw. 


High plant factor is maintained at Minnkota station by using the 
diesel plant for peak loads, Diesel plant capacity is 15,000 kw. 


2/ Running plant capacity factor = 
Gross kw.-hr. generated per ° 
(Hr. operated per yr.) tinstalled capacity in kw.) 

In figure 4 ash-collection data are presented for one of the two 72,000-pound- 
steam-per-hour boilers at the Minnkota plant. The boiler design is shown in figure 5. 
These units are similar in design to the large boiler. Shown on the graph are typical 
percentages of total ash collected in the stoker ash hopper, in boiler and air-heater 
soot hoppers, in economizer soot hoppers, and dust collectors. The percentages of 


combustible material at each of the points of collection also are shown in figure 4, 
Principal operating data from performance tests for this boiler are givem in figure 6. 


Pulverized Fuel 


A pulverized-fuel system consists basically of a pulverizer to convert the raw coal 
to powder, a fan to convey it into the furnace, and a burner to mix air and fuel in such 
@& manner as to maintain stable ignition, Pulverized-fuel systems may be arranged as 
either wit or bin systems. In the bin system the pulverizers are operating independently 
and at full capacity. Pulverized coal is dischargei to a storage hopper, from which it 
is removed as required, In the mit system one or more machines pulverize and deliver 
the fuel directly to the birners. Most recent installations are of the mit system, 
which is simpler, requires less space, creates less fire hazard, and has a lower initial 
cost than the bin type. 


Burners for pulverized Puel may be mounted either horizontally or vertically. The 
horizontal burners sometimes are made adjustable so that the rate of evaporation in the 
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Figure 4. - Percentage distribution of lignite refuse by weight and of combustible in 
refuse during tests on 72,000-pound-steam-per-hour boiler at the Minnkota 

station, Grand Forks, N. Dak. See reference (18) in section 1. 
(By permission of Am. Soc. Mech. Eng.) 
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water walls and the superheat temperature can be controlled by tilting the bwmers and 
thereby changing the position of the main flame in the furnace, 


Pulverizers are classified as either impact or attrition mills, depending on the 
method of fuel reduction. The 2 methods may be combined in 1 mill, and ligite can be 
pulverized successfully by either, It is necessary to reduce the moisture content of 
the lignite enough to prevent packing and sticking in the mill. With wmit pulverizars 
this 1s accomplished by introducing high-temperature primary air (600°-800° F.) into the 
mills (13, 18). The temperature of the fuel-air mixture from the mill usually is 
maintained at 130° to 200° F, (13); this discharge fram the mill contains water vapor, 
often near the saturation point, so it is necessary to insulate the duct to the furnace 
to prevent condensation, This method of pulverizing reduces the total moisture content 
of the fuel approximately one-third, 


Pulverized lignite ignites easily and burns with a stable, relatively short fleme, 
The high percentage of volatile matter and low fixed-carbon content promote rapid 
ignition, therefore the fineness of pulverization is not as critical with lignite as 
with other coals. Secondary air for combustion is introduced around the periphery of 
the burner. Dry-bottom furnaces are used with pulverized lignite firing. 


The first successful pulverized-lignite installations in the United States were 
made in Texas in 1926 (11), In that year 4 boilers, each rated at 185,000 pounds steam 
per hour, were installed at the Trinidad station of the Texas Power & Light Co. The 
boilers were of the three-pass, crossdrum design, with interdeck superheaters., At that 
time mill drying had not been developed. Lignite was predried in steam-heated grid 
driers before being fed to the mills, Moisture content was reduced from 30 to 33 percent 
as mined to 25 to 28 percent at the mill, The dried and pulverized fuel was then stored 
in bins before being fed to the burners. Bwmers were mouted for vertical firing, and 
dry-bottom furnaces were used, These wits operated at an efficiency of 75.5 percent at 
full load, with a heat release of 14,600 B.t.u. per cubie foot per hour. Two other 
Similar units were added to the station in 1931. These boilers each had a capacity of 
325 ,0O00 pounds steam per howr and showed a full-load efficiency of about 76 percent 
(11), with a furnace heat-release rate of 23,200 B.t.u. per cubic foot per hour, 


Other equally successful pulverized-ligite wits were operated for a number of 
years at the Comal station of the San Antonio Public Service Commission (5). These 
boilers had a rated capacity of 232,000 poumds of steam per hour and were designed 
for an efficiency of 79.5 percent with a furnace-heat release of 18,400 B.t.u. per 
cubic foot per hour, 


The power stations mentioned above have since beem converted to firing other fuels. 
However, the use of Texas lignite for large steam generators has shown renewed promise 
recently with installation of the large Texas Power & Light Co. plant at Rockdale, 


Tex, (16). 


The first modern pulverized-fuel installation for North Dakota lignite was installed 
at the Crookston station (12) of theOtter Tail Power Co. in 1945, (See fig. 7.) The 
rated capacity of this mit is 75,000 poudsof steam per how at 425 p.s.i.g. and 825° F. 
Two unit pulverizers are used to supply fuel to four horizontal burners. The air heater 
is divided into primary and secondary sections, The total combustion air passes through 
the secondary heater, after which the steam is divided, about 80 percent being supplied 
to the burner plenum boxes as secondary air at about 400° F, The other 20 percent is 
passed through the primary air heater, where the temperature is raised to about 650 F. 
before it is sent to the pulverizers, The principal operating data (12) for this boiler 
are shown in figure 2, The satisfactory operation of this plant definitely established 
that North Dakota lignite was suitable for use in pulverized-fuel installations. 
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A series of boiler-performance tests was conducted in 1949 at the Crookston sta- 
tion by the Bureau of Mines, in cooperation with the University of North Dakota and 
the Otter Tail Power Co. The purpose of the tests was to obtain information on the 
behavior of steam-dried lignite, as compared with the burning characteristics and 
efficiency of raw lignite. These comparative tests were run with a boiler load of 
about 50 percent of rated capacity. 


A summary of the test data showed the following difference in operation when 
burning raw and dried lignite: 


1. Boiler efficiency was increased from 76.4 to 81.5 percent when dried lignite 
was burned (17.8 percent moisture) compared to raw lignite (33 percent moisture). 


2. The temperature at the burner outlet, as determined by an optional pyrometer, 
was approximately 360° F. higher when dried lignite was burned, using an equal percent- 
age of excess air. 


3. Steam temperature leaving the superheater was 18° F. lower when the boiler 
was operated on dried lignite. Less air preheat was used. Although less heat was 
removed in the superheater and air heater, stack gas temperature was 78° F. lower 
when dried lignite was burned, indicating that more heat was transmitted by radiation 
in the main part of the furnace. 


The superior combustion characteristics of dried lignite are indicated by these test 
results. However, such improvements must be balanced against the increased cost of 
drying when the economics of this type of operation is considered. At present no 
power plants are using steam-dried lignite. 


In general, it has been found that the operating efficiency of pulverized-fuel 
units is about 2 percent higher than spreader-stoker installations with the same exit- 
gas temperature (18). Some other advantages of pulverized-fuel firing are: Quick 
response to load changes, wide range of kinds and quality of coal that may be burned, 
absence of moving parts in high-temperature inaccessible locations, and the ease with 
which the boiler can be converted to gas or oil firing. Units of virtually any capac- 
ity over 75,000 pounds steam per hour can be fired with pulverized fuel. 


The main disadvantage of pulverized-fuel firing, especially with lignite, is the 
high auxiliary power required for pulverizing. Both the first cost and maintenance 
are considered to be higher for pulverized-fuel installations than for other methods 
of firing. For a given capacity boiler, larger pulverizers are required for lignite 
because of its low heating value. The fibrous nature of lignite also increases 
grinding difficulty and power required. 


The W. J. Neal station (figs. 8 and 9 (6)) of the Central Power Electric Coopera- 
tive, Inc., Voltaire, N. Dak., is a good example of modern pulverized-lignite installa- 
tion. This plant was built in 1951 to meet increasing power demands in western North 
Dakota and to serve as standby power for Missouri River hydroelectric developments. 
This plant is only a short distance from several producing lignite mines. 


Guaranteed continuous capacity of each of the 2 boilers is 230,000 pounds steam 
per hour at 865 p.s.i. and 9059 F. The maximum 2-hour capacity is 260,000 pounds 
Steam per hour. The plant was designed to burn lignite of the following analysis: 
Moisture 39.0 percent, ash 6.6 percent, heating value 6,600 B.t.u. per pound (as mined). 
The boilers are designed for 80-percent efficiency with a heat release of 18,000 
B.t.u. per cubic foot per hour. The furnace is of the dry-bottom type and fully 
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Figure 7, - Pulverized-fuel steam generating unit of 75,000-pound-steam- 


per-hour capacity at the Crookston station of the Otter Tail 
Power Co., Crookston, Minn. See reference (12) in section 1. 
(By permission of Industry and Power magazine) 
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Figure 8, - W. J. Neal station, Voltaire, N. Dak. See reference (6) in sec 
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Figure 9. - Cross section of pulverized-fuel installation of 230,000-pound-steam-per-hour capacity at the W. J. Neal station 


of the Central Power Electric Cooperative, Inc., Voltaire, N. Dak. See reference (6) in section I. 
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water cooled. Each boiler has 6 horizontal turbulent-type burners supplied with fuel 
from 3 bowl-type mit pulverizers. An air preheater supplies air at about 685° F., part 
of which is used for mill drying in the pulverizers. The fuel-air mixture leaves the 
pulverizers at about 130° F, Flue gas leaves the furnace at 400° F. 


The plant has beem operating on a low capacity factor for over a4 year, and during 
that time the pulverizers and boilers have given satisfactory performance. Results of 
a recent test by the boiler manufacturer show that these boilers can be operated with 
pulverized lignite and satisfactory igition maintained at less than one tenth of 
rated capacity. 


Operating data for the Neal station for 1952 are listed in table 2, These data are 
taken from a summary sheet of operating data from selected cooperatives compiled by the 
United States Depmrtment of Agriculture. 


TABLE 2, - Summary of operating data, 1952, W. J. Neal station, 
Central Power Electric Cooperative, Voltaire, 


N._Dak. 
Fuel cost. ccccccccccecccccsccccseecents per million B.t.u. JT 
Bol Ver OfLiClency 6:5 scic-00-0 66s 00w-0 oeeesbswesedewers Decent 76 
Station heat rate... .cccccccccceeeDd.t.u. per net kw.-hr. 1h ,500 
Station consumption.....percemt of gross power generated 11.7 
PIANC: TACtOF ve Sorsic 60 woe dso 00084400 o.06 enews eee bercene 34 
Running plant capacity Pactor..cecccceccccccceccccccc sd, 63 
Fuel COG Ge ii-b50bt0 ss 66 dee ese ee eoee Mills per net kw. -hr,. 2.54 
Operating Is bor Cos ts 154.6300 vies se ssa ee eeus ewes cUDs 1,04 
Ma In CemAn Ce COB Us 6:0iiw 6 6s6:5'5 0s 6 owes e-0'5 ss 06.0: ti0 o66005 600% 0.26 
Miscellaneous COB yo) bo i aen 56a woo ps Slo sie Se ie eee ee eee OO 0.36 
Total. DPOdRCUlon- COB Us6.cssss in hiss ew awe sewee eens ene OD. 4.20 
Station heat rate, best month.....B.t.u. par net kw.-hr. 14,058 
Boiler efficiency, best month...ccccccccccecccce percent 80 


Cyclone Burners 


Cyclone burners are the most recent development in coal-burning equipment. They 
are essentially water-cooled, cylindrical, combustion chambers, the inside of which is 
lined with a plastic chrome refractory. Crushed coal and primary air are introduced 
tangentially at one end of the burner, Fuel and air are thus given a whirling motion ; 
which is further increased by tangential introduction of secondary air. Tertiary air 
is admitted tangentially at the outer end of the burner, causing the mixture to move 
in an increasing helix toward the main furnace, Combustion of the fuel is completed 
as it moves through the burner, leaving most of the molten ash adhering to the cylinder 
wall, from where it flows to the slag tank. The nature of this bumning tends to reduce 
substantially the amount of ash carried in suspension, hence fly-ash emission is low. 
The axis of the biumner is tilted downward at the furnace and to facilitate discharge 
of the moltem ash. Combustion gases pass into the main furnace through a reentrant 
water-cooled throat at the discharge ed of the burner and them pass over the heat- 
absorbing surfaces in the boiler, After a molten-slag coating has been established 
on the burner wall, the larger particles of the incoming fuel are forced against the 
Sticky surface by cemtrifugal force and thereafter move with the slag at a slower rate 
than the air, causing a violent scrubbing action between the coal and air, This action 
accelerates the rate of combustion. Buwmning rates as high as 400,000 B.t.u. per cubic 
foot per hour and temperatures over 3,000° F. (9) are developed in the cyclone bummer. 
Preparation of coal for use in a cyclone bummer consists of crushing to a size of about 
1/4-inch. This represents a substantial reduction of auxiliary power over that required 
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for pulverized firing. However, the forced-draft-fan power requirements are large with 
cyclone firing because air is supplied to the burner at a pressure of about 35 inches 
HoO. This pressure is required to obtain satisfactory velocities in the burner. The 
cyclone burner has been successfully used with a large number of coals, as well as with 
oil and gas. 


Cyclone firing was developed to obtain a better method for burning coals with high 
ash content and low ash-fusion temperature. Pilot-plant models were constructed and 
tested before 1940 (10). A develoymental installation was made at the Calumet station 
(fig. 10) of the Commonwealth Edison Co. in 1944. Since then this method of firing has 
been installed in a number of large midwestern (20) power plants. 


In May 1949 tests were conducted at the Calumet station of the Commonwealth Edison 
Co., Chicago, Il1., using North Dakota lignite in an 8-foot-diameter nearly horizontal 
cyclone burner. The rated capacity of the boller was 180,000 pounds steam per hour at 
350 p.s.i. and 650 F. steam. The following information is taken from a description by 
Hoffman and Drabelle (13) of the test conditions and results. 


The high moisture content caused some igition difficulties in the early 
part of the tests, but these were overcome by burning natural gas in the 
primary air line to the crusher, thereby raising the air temperature to the 
crusher from approximately 425° F. to 65 F. 


Rates up to 170,000 powmds of steam per how were carried with satis- 
factory operating conditions, Excess air leaving the cyclone was varied 
from approximately 5 to 30 percent to study the effect on combustion and 
Blag tapping. During periods of operation with low excess air, only fine 
sparklers, similar to those which might have occurred from burning paper, 
were observed in the primary furnace, and slag from the tap was quite 
fluid, There was no smoke at any time firing this fuel, During periods 
of operation with high excess air, the slag in the primary furnace was 
somewhat more viscous, and occasional large flakes of lignite could be 
seen on the primary furnace floor. In general the slag behavior was similar 
to that of the normally-burned Illinois No, 6 bed coal, but perhaps slightly 
more viscous. 


The test results can be summarized as follows: 
1. This lignite can be successfully burned in the cyclone furnace, 


2. Primary air temperature of around 650° F, is required to provide the neces- 
sary drying to give good ignition. 


3. Slag behavior is similar to that of Illinois No. 6 bed coal, 
although the slag may be a little more viscous, 


4. The aa characteristics are somewhat different from those 
of other coals burned, the crushed product being coarser and more flaky. 


5. There is no amoke discharge from the stack regardless of excess 
alr, 


6. To eliminate the need for pre-drying equipment, a cyclone- 


furnace-fired wit designed for buming this lignite should be arranged 
for direct firing to permit drying in the crusher, 
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Figure 10. - Cyclone burner-fired steam-generating unit of 180 ,000-pound-steam-per-hour 
capacity at the Calumet station of the Commonwealth Edison Co., Chicago, 
Ill. See reference (13) in section 1. (By permission of Am.Soc.Mech. Eng.) 
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for pulverized firing. However, the forced-draft-fan power requirements are large with 
cyclone firing because air is supplied to the burner at a pressure of about 35 inches 
HoO. This pressure is required to obtain satisfactory velocities in the burner. The 
cyclone burner has been successfully used with a large number of coals, as well as with 
oil and as. 


Cyclone firing was developed to obtain a better method for burning coals with high 
ash content and low ash-fusion temperature, Pilot-plant models were constructed and 
tested before 1940 (10). A developmental installation was made at the Calmet station 
(fig. 10) of the Commonwealth Edison Co. in 1944, Since then this method of firing has 
been installed in a number of large midwestern (20) power plants. 


In May 1949 tests were conducted at the Calumet station of the Commonwealth Edison 
Co., Chicago, Ill., using North Dakota lignite in an 8-foot-diameter nearly horizontal 
cyclone burner, The rated capacity of the boiler was 180,000 pounds steam per hour at 
350 p.8.1. and 650° F, steam. The following information is takem from a description by 
Hoffman and Drabelle (13) of the test conditions and results. 


The high moisture content caused some ignition difficulties in the early 
part of the tests, but these were overcome by burning natural gas in the 
primary air line to the crusher, thereby raising the air temperature to the 
crusher from approximately 425° F. to 65 F. 


Rates up to 170,000 powds of steam per hour were carried with satis- 
factory operating conditions, Excess air leaving the cyclone was varied 
from approximately 5 to 30 percent to study the effect on combustion and 
Slag tapping. During periods of operation with low excess air, only fine 
sperklers, similar to those which might have occurred from burning paper, 
were observed in the primary furnace, and slag from the tap was quite 
fluid, There was no smoke at any time firing this fuel, MDuwring periods 
of operation with high excess air, the slag in the primary furnace was 
somewhat more viscous, and occasional large flakes of lignite could be 
seen on the primary furnace floor. In general the slag behavior was similar 
to that of the normally-burned Illinois No, 6 bed coal, but perhaps slightly 
more viscous, 


The test results can be summarized as follows: 
1. This lignite can be successfully burmed in the cyclone furnace, 


2. Primary air temperature of arowd 650° F. is required to provide the neces- 
sary drying to give good ignition, 


3. Slag behavior is similar to that of Illinois No, 6 bed ooal, 
although the slag may be a little more viscous. 


kh. The crush characteristics are somewhat different from those 
of other coals buned, the crushed product being coarser and more flaky. 


5. There is no smoke discharge from the stack regardless of excess 
air, 


6. To eliminate the need for pre-drying equipment, a cyclone- 


furnace-fired wit designed for buning this lignite should be arranged 
for direct firing to permit drying in the crusher. 
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Figure 10. - Cyclone burner-fired steam-generating unit of 180,000-pound-steam-per-hour 
capacity at the Calumet station of the Commonwealth Edison Co., Chicago, 
Ill, See reference (13) in section 1. (By permission of Am.Soc.Mech. Eng. ) 
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Te Although dust loading tests were not conclusive, indications were 
that ash discharge from the stack was somewhat lower than when bumming 
Illinois No. 6 bed coal, 


Cyclone-furnace-fired boilers have shown high efficiencies owing to the low excess 
aly and the low combustible loss in the ash, Only about 10 percent of the total ash 
content of the fuel enters the main firmace, This can be compared with an average 
figure of 50 percent for a wet-bottom pulverized-fired furnace and 80 percent for a 
dry-bottom furnace. Results of cyclone-burner tests using Illinois coal (20) have 
shown no reduction in equipment, or labor for cleaning the heat-absorbing surfaces, 
however, because the dust that is carried over is of such a composition that it 
Sticks to the surfaces. Much amaller dust collectors are required for this method 
of firing. The combined slag- and ash-handling system is, however, more complicated 
for cyclone-burmmer firing than for pulverized-fuel firing, 


According to Schroeder and Stasser (20), a cyclone-fired boiler requires approx- 
imately 10 percent less floor space and 25 percent less volume than a comparable 
pulverized-fuel installation. Some other advantages are low cost of preparing the 
fuel and low maintemance cost on Dimmer because of the lack of moving parts. In some 
installations the induced draft fan has also beem eliminated, The cyclone burmer has 
been used successfully with mits as amall as 180,000 pounds of steam per hour, and 
it appears to be applicable to virtually any larger size installation. 


Com tive Survey of Steam Power Plants Bunning North Dakota Lignite 


Table 3 lists the lignite-burning steam power plants in North Dakota, South Dakota, 
and Minnesota (2, 12). 


It should be noted from table 3 that lignite-fired boilers have followed the 
industry-wide trend of using increasingly higher operating temperatures and pressures. 
It is also significant to note the large number of boilers that have been installed 
since 1947. 


Boiler, fwnace, and stoker data (2, 12) for 15 of the larger lignite-burning 
boilers are listed in table 4, The data listed are design or specification information 
in all instances and not test or operating data. The boilers listed range in capacity 
from 60,000 to 230,000 pounds of steam per hour, and all except the Fargo wit have 
been installed since 1947. Open-type complete water-wall construction is used for all 
the recent installations, except the Bison mit, which uses a refractory front wall, Air 
heaters are used in all the installations listed except Farg@, but economizers are used 
with only 5 of the 15 boilers listed. Twelve of the boilers listed are fired with 
spreader stokers, 2 with unit pulverizers, and 1 with a chain-grate stoker. The popu- 
larity of spreader stokers is quite obvious. However, the Ortonville plant approaches 
the maximum size mit now considered adaptable for use with them, The wit pulverizer 
method was chosen for the larger W. J. Neal station, and future boilers over 250,000 
pounds steam per hour will probably be fired with mit pulverizers or cyclone burners. 
Heat release for the units listed varies from 18,000 B.t.u. per cubic foot per how for 
the W. J. Neal boiler to 35,600 B.t.u. per cubic foot per how for the chain-grate- 
fired Kidder station. Preheated air temperatures ranging from 350 F. to 450° F. are 
used with the spreader stokers and 675° to 700° F. with the mit pulverizers. The 
boiler efficiencies listed, which range from 73 to 80 percent, compare favorably with 
efficiencies for similar boilers fired with other coals after adjusting for higher 
flue-gas loss due to evaporation of the moisture content of the fuel. 


Comparative data on heat releases for boilers burning bituminous coal and lignite 
are presented in table 5 (2, 12). 
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TABLE 5. - Com tive heat-release rates for boilers 
burn lignite and bituminous coal 


Heat release 
Betets Bsbelle 
ou. ft./ | sasft, 


Fuel and firing 


equipment hr. grate /hr, 

Plants burning lignite: 

A. Traveling grate..... 416 ,833 

B. Spreader stoker..... 562 ,333 

Ce PULVPLER vivcicccese . 
Plants b ing bituminous 

coal wi 

A, Traveling grate..... 450 ,000 

B, Spreader stoker..... 465 ,000 


C. Pulverrizer..ccccccscs - 
1/ Toby, T. S., Data from New Steam Seaeratere in Pulp and Paper Industry: Utiliz- 
tion, No. 12, 1948, p. 17. 
Information on bituminous firing was taken from this source to provide informa- 
tion on boilers of capacities similar to those of the lignite-buning wits. 


It will be noted that the performance of lignite-bwning boilers is very similar 
to that of bituminous-buwning boilers, with the exception of the pounds of coal per 
hour per square foot of grate area, This value is larger with lignite because of its 
lower heating value, On the basis of the data presented in table 5, the average heat 
release rate for the lignite-fired boilers about equals that of similar wits bumning 
bituminous coal, However, the respective boiler efficiencies are not considered in 
this listing. To obtain maximum efficiency, lignite furnaces are generally built 
higher and have somewhat greater volume per wit capacity than bituminous furnaces, 


Selected operating data (2, 12) for 1950 of plants fired with North Dakota, 
lignite are shown in table 6. ‘These plants were chosen for study because, wmlike many 
of the other plants in table 3, they do not supply steam for heating purposes outside 
the plant, 


It will be noted that the B.t.u. per kilowatt-how net for the plats listed 
ranges from 14,800 for the new Minnkota plant to 38,613 for the older Harvey station, 
In general, the newer plants show better heat rates than the older mits. However, the 
plant-capacity factor probably has more effect on the B.t.u. per kilowatt-how than 
any other single factor. If boilers are operated on banked conditions or at low loads 
for a considerable part of the time the heat rate will be high. The average boiler 
efficiency and average plant efficiency are similarly affected by a low capacity factor. 
The percentage of generated output required for station power for the plants listed 
varies from about 5 to 12 percent. This ratio is, of course, higher for pulverized 
fuel installations and again the capacity factor has considerable influence, 


A comparison of boiler efficiencies of ligite-fired power plants and modern 
bituminous-fired power plants operating with a high plant factor indicates that 
station heat rates as low as 11,500 B.t.u. per net kilowatt how seem feasible with 
a lignite-burmning installation operating with a comparable high plant factor. 
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Construction and Electrical Production Costs for 


Lign ite-Burm ing Power Plants 


The construction and electrical production cost for some of the larger lignite- 
burning power plants in North Dakota and Minnesota are listed in table 7 (2, 12). 


TABLE 7. - Selected ite er plents duction and 


operating costs 


Production cost mills . e7nhr, 


Labor 
and 
Miscellaneous | Fuel | Total 


Plant 
Ortonville, Minn. 
Hoot Lake, Fergus 

Falis, Minn. .. 
Crookston, Minn.. 
Minnkota, Grand 

Forks, N. Dak.. 
Devils Lake, WN, 

Dak. eeeeceeonees 
Bison, Minot, N. 


Dak, sgeccscces 
W. Neal ,t/ 


Voltaire, N. 
Dak, ©6688 66608 
1/ Data taken from a summary sheet of operating data from selected cooperatives com- 
piled by the U. S, Department of Agriculture, 


Construction costs for the Bism and Crookston plants are wmusually high because 
in each instance building and other provisions were made for the future addition of 
units that could greatly expand the present installed capacity. Of interest is the 
decrease in construction cost per kilowatt as the plant capacity increases, The con- 
struction cost of $189 per kilowatt for the Neal station is indicative of the manner 
in which costs can be reduced with large central power stations. 


In 1951 the Vern E. Alden Co. (3), Chicago engineering firm, prepared studies of 
the construction and operational cost for several proposed large power plants utilizing 
lignite, It estimated that a private company would require $120,000,000 capital to 
build a plant of 800,000 kilowatts capacity. This would be a mit cost of $150 per 
Kilowatt. This plant would burn pulverized fuel, Alternate plans were worked out by 
Alden for plants of 800,000 and 240,000 kilowatts, respectively, using char from a low- 
temperature-carbonization process like that to be used at the Texas Power & Light Alcoa 
plant (16) in Milam Comty, Tex, The construction cost estimated for the smaller mit 
was about $200 per kilowatt because of increased investment required for the carboniza- 
tion plant. 


The cost of producing power is primarily a function of the fuel cost. Therefore, 
plants at the mine mouth can effect a substantial savings by eliminating freight costs. 
This is shown in table 7, listing production costs for selected plants burning lignite, 
The Ortonville, Hoot Lake, and Crookston plants are near the eastern boundary of the 
geographical area of economical use of lignite as a fuel (fig. 37, part 1), and as such 
their coal costs are high, 


The Alden Co, estimated a production cost, including overhead and fixed charges, 
of 2.86 mills per kllowatt-hour for a 800,000-kw. station using raw lignite, This was 
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based on a coal cost of 1.15 dollars per ton and a 95-percemt load factor. Pro- 
duction costs were also worked out for plants using low-temperature carbonization 
for recovery of byproduct chemicals, However, the basis of this calculation was 
that North Dakota lignite would produce about 15 gallons of salable oil and tar 
per ton, which is too high, (See sec. 2.) 


Detailed heat and material balances for a power plant using fluidized car- 
bonization of lignite from Garrison damsite, N. Dak., as prepared by the Bureau 
of Mines, Denver, Colo., are presented in the following section. 


Fluidized Processing of North Dakota Ligite for Power Production 


Power requirements in the West are repidly increasing, owing both to in- 
creasing population and substitution of electric power for other energy forms. 
Thermal power production will accowmt for a large portion of this increase 
because of the limitations in potential hydroelectric development. Lignite, coal, 
naturel gas, and residual fuel oils all compete for the thermal power market, and 
the selection of fuel will be determined by the cost of delivered energy and the 
costs incidental to their use, 


The recent develoyments in utilization of Texas lignite for power production 
indicate that, in certain situations, processed lignite will be the most eco- 
nomical power-plant fuel, A plant is being erected in Texas using the process 
developed at the Denver laboratories of the Bureau of Mines. In this process, the 
raw lignite is crushed, dried in a stream of hot gases, and carbonized in a fluid- 
bed reactor to yield char, tar, and gas. The char will be used as power-plant fuel, 
@ portion of the gas will supply the heat required to carbonize the coal, the re- 
mainder of the gas will supplement the char as boiler fuel, and the tar will be 
sold for chemical use, 


The details of the pilot plants used to develop this process and the results 
of tests made are given in a recent publication of the Bureau (17). Lignite from 
Garrison Dam, N. Dak., was tested, and it was demonstrated that this lignite could 
be treated successfully in the pilot-plant mits. The calculations in the present 
report are based on the use of Garrison lignite, 


This report gives the results of study made to determine the probable heat 
and material flow rates for a 120,000-kw. thermal power plant operating on char 
obtained by the fluidized processing of Garrison damsite lignite. It deals only 
with the flow calculations required for the schematic design of the processing 
plant, Complete economic and engineering analyses of the application of processing 
must be made specifically for Garrison lignite and the power plant before further 
consideration of the plant, 


Analysis of the proposed plant for the Texas installation indicated that the 
most economically sized processing mit would be one designed to serve wits of 
40 ,000-kw, generating capacity. It has bem assumed in the present report that 
such units would also be most efficient for the Garrison application, On this 
basis, three integrated drying and carbonizing units would be required for a 
plant having 120,000-kw. generating capacity. Three mits would permit operating 
the boiler on processed fuel over its entire operating range. 


The annual fuel requirements of a 120,000-kw., plant operating at 90-percent 
plant factor on various fuels are shown in figure 11. This load would require 
1,527,000 barrels of fuel oil a year or 9,461 million cubic feet of natural gas. 
I? the plant were operated on char, 1,005,400 tons of lignite would have to be 
processed per year, producing 401, $00’ tons of char. In addition, processing this 
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NATURAL FUELS 


NATURAL GAS 
million cu ft per year 
9,461 


120,000 KW 
power plant at 
90% plant factor 
10,000 gross 

B.t.u. per ky.-hr. 


RAW GARRISON LIGNITE 
to fluidized dryer 
tons per year 
800, 300 


RAW GARRISON LIGNITE 
to processing plant 


tons per year 
1,005,400 


PROCESSED LIGNITE 


Figure 11. - Calculated fuel requirements for 120,000 kw. power plant. 
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quantity of coal would produce 10,194,000 gallons of tar oils a year. The power 
plant could be operated by the combustion of 462,800 tons of dried lignite per 
year, requiring the drying of 800,300 tons of raw lignite. The differmce in the 
raw lignite requirements for the two latter cases is due principally to the 
potential heat of the tar. 


The overall flow of materials through the entire plant on an hourly basis is 
shown in table 8, For 120,000 kw., 225,060 pounds of raw lignite per hour must be 
processed, producing 101,940 pounds of char, 1,014 gallons of tar, 279 gallons of 
light oil, 335,000 std. c. f. of gas, and 2,241] gallons of liquor, The total gas 
make will be 607,000 cu, ft. per hr., but a portion of it is required to heat the 
carbonizer, 


TABLE 8. - Overall heat and material flow rates for a 120,000-kyw. 
erating plant, using Garrison damsite, N. Dak., 


lignite 
(Hourly rates) 


Gross potential Net potential 
heat, heat, 
Volume | Pounds million B.t.u. million B.t.u. 


Input: 
Raw lignite...... 1,473.9 
Output: 
CUBI ) 6:6 ee eieeces 1,170.9 
TAY 2535.40 s 64 SoS aes 143.1 
Light cop & Ee ere 33.6 
PYOC@SS GBB.ccece 
32.7 
Char in CAP bi dees eek 
LiL QUON 5 s:004s 006.0% 
1,382.4 


Table 10 shows the enalysis of the net operation of the carbonizer, Each 
40,000 kw. of generating capacity will require combustion of 33,980 pounds of 
this char per how, which is the basic figure used in designing this plant. About 
3,600 pounds of tar, including light 011, will be produced per how: from each wit, 
equivalent to 1,293 gallons per how from the 3-imit plant. 


The analyses of the raw, dried, and carbonized Garrison lignite are shown in 
table 11, The raw lignite, based on available analyses, is expected to contain 
39.3 percent moisture and 6.9 percent ash and have a gross heating value of 6,450 
B.t.u. per pod, The dried lignite will contain 3.9 percent moisture, 10.9 per- 
cent ash, and have a heating value of 10,200 B.t.u. per poumd., The ash content of 
the char will be 16.2 percent, and its heating value will be 11,770 B.t.u. per 
pound, 
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TABLE 9. - Overall drier heat and material balances for a combined dryin 
and carbonizing wmit operating on Garrison damsite, N. Dak. 
1 ite and servin 0,000-kw,. generating capacityl 


(Hourly basis) 


. Peat 
OF , std. c.f. /hr. Pounds thousands 
60 


Input: 
Raw fs 0s 7 - rer ee 


PAY feo see hid ke now ew ees owe 60 

Net heat liberated........6 42.300 
2,300 

Output: 

Dried DA PL UO s 665s evue sive es 1,580 

H50 evaporated.,. ®Ceecoeeenese 36,170 

Combustion GASES. .cccccccce 2,490 

Ash out of Pumace....cccoee 150 

DUSt 1088 iss ésies swesin ce es aee 10 

Heat loss..ccccccsceccceccs 1,900 
2,300 


1/ 3 of these combined mits are required for a 120,000-kw. generating plant. 


TABLE 10. - Overall carbonizex heat and material balances for a combined 
ing and carbonizing mito ting on Garrison damsite, 
N. Dak., limite and serving 40,000-kw. generating capacity,/ 


(Hourly basis) 


Temp. ; M Net B.t.u. 
OF, std. c.f. /hr. Pounds thousands 
Input: 

Retort: 
Dried lignite.....s.sese. 1,580 
RIP ss sit-ew soweew ees ceeeees 1,780 
Net heat liberated....... 14,690 

Furnace: 
RIT; Gece tas oae ees eeeeees 2 350 
Net heat liberated....... 8 ,880 
29,200 

Output: 

Retort: 
CORD 5d Gise ws sad se Swe seek 7,980 
LED” bao ota od seerereww 6 Wee ek ow ae 1,770 
Light (op eee err oer er 370 
LAQUOP 6:55 sce we: 06 620 60 06S 6 ae 8 ,680 
Process BAB cccccccccccees 2,140 
Char in GAT’ dg: cve-esa- gies wo els 20 

Furnace; 
Stack PABOB . coccccccsccce 6,190 
Heat IOBG «aie a ots ered Ooaswes 2 130 

29,20 


1/ 3 of these combined wits are required for a 120,000-kw. generating plant, 
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13. 


TABLE 11, - Proximate analyses of raw, dried, and 
carbonized Garrison lignite 


Raw Dried 
lignite| lignite Lignite char 
3-9 


0 
41.8 19.7 


MOlsture.ccccccccccccccesee percent 
Volatile MALCOM oss b:eeees was eee GOs 


Fixed CAT DON i s:s0'a eb ses 6 606 wes GOs 64,1 

PE a eibia:4'6 an0 bse 0Wierew oe Wise ee alae OO% 16.2 
Os 5 sans ace uae ook oheiee ws eiew Dele are 100,0 
Gross B.t.u. 1b. @@06060806808800@8 @ 11 ‘TO 
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2. CARBONIZATION 


Carbonization, destructive distillation, or pyrolysis is the heat treatment of 
organic substances in the absence of air to decompose the substances into a solid 
residue, liquid products, and gases. The temperature level applied during the proc- 
ess Of carbonization influences greatly the yields and characteristics of the recov- 
ered products. 


According to A.C. Fieldner (8) 2/ 


Low-temperature carbonization of coal may be defined as the heat 
treatment of coal in the absence of air at temperatures of 450° to 
700° C. (842° to 1,292° F.) as distinguished from the usual high-tem- 
perature carbonization at temperatures of 90M to 1,200° c. (1,652° to 
2,192° F). At 450° to 500° C. (842° to 1,292° F.) the tar yield is 
2° to 3 times that of the ordinary high-temperature process for making 
coke or gas, 


Table 12 shows approximate comparative yields obtained from low- and high- 
temperature carbonization processes. 


TABLE l2. - Approximate comparative yields of high- #5 low-temperature 
carbonization processes = 


Low-temperature carbonization High -temperature 
Internally heated carbonization 
retort retort byproduct coke oven 
COKE ..sccccceesae percent 70 - 80 60 - 75 60 - 70 
Volatile matter in . 

COKE ..eccceee es percent 7 - 15 7 - 15 l1- 2 
GaS..ceesseeeecu. ft.fton}] 3,000 - 5,000 20,000 - 50,000 11,000 - 12,000 
Heating value of 

gas.....B.t.u./u. ft. 800 - 1,000 150 - 250 520 - 580 
Tar.cesccecccees gal. /ton 20 - 30 18 - 20 10 - 
Specific gravity of tar.. 1.07 - 1.09 1.02 - 1.07 1.19 
Light oil........gal./ton 2.5 - 3.0 oe 2.5 - 3.0 
Ammonium sulfate..lb. ton 10 - 12 - 18 25 - 30 


1/ Fieldner, A.C., Low-Temperature Carbonization of ore Bureau of Mines Tech. 
Paper 396 , 1926, p. 43. 
2/ Data apply to the carbonization of coal and not to lignite. 


The yield of coke is higher for low-temperature carbonization processes because 
it retains 7 to 1D percent of volatile matter, as compared with 1 to 2 percent in 
high-temperature coke. Volume of gas is only one-fourth to one-third that obtained 
in high-temperature coking, but the heating value is almost twice that of gas from 
high-temperature carbonization when externally heated retorts are used. Low-tem- 
perature-carbonization processes internally heated by products of combustion produce 
large quantities of gas of low heating value. The total yield of tar at low tempera- 
tures is from 2 to 3 times that obtained at high temperatures. The quantity of light 
oil is about the same for both processes. However, the concentration of light-oil 
vapors in gases obtained by internal heating is too low for efficient recovery. 


1/ Underlined numbers in parentheses refer to citations in the bibliography at: the 


end of this section. 
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Although these data apply to the carbonization of higher rank coal, yields ob- 
tainable from carbonization of lignite show the same general trend as a function of 
the processing temperature. Unlike the bituminous coals that form a coherent coke 
upon heat treatment, lignite and subbituminous coal do not become plastic and there- 
fore produce a residue or char, consisting of nonagglomerated particles smaller than 
the material charged. 


Results of Assay Tests on North Dakota and Other Selected Lignites 


Preliminary evaluation of the economic promise of low-temperature carbonization 
of a given coal or lignite is primarily based on the results of laboratory investiga- 
tions, which supply information on yields of tar, coke, and gas. Laboratory-scale 
carbonization in properly designed assay apparatus has been shown to indicate the 
approximate maximum tar yields to be obtained at a given carbonization temperature. 
Variation of yield as a function of processing temperature is also readily deter- 
mined. Comparison of yields obtained in commercial plants with those from assay 
tests is helpful in determining optimum operating conditions and evaluating various 
processing methods. The Franz Fischer assay apparatus developed in Germany has been 
widely used in carbonization assay investigations. The method, which uses 250 grams 
of coal, is described by Davis and Galloway (7), who assayed numerous coals by this 
technique. 


V. F. Parry and coworkers refined the Fischer method (13) for use with low-rank 
coals; the apparatus is shown in figure 12, From 150 to 200 grams of coal is used 
for atest. A carbonization temperature of 500° C. was adopted as a standard, whereas 
in the Fischer method 550° C. was originally employed. Because of the modifications 
used, results of the assay tests with the original and modified methods are not 
strictly comparable. However, yields of tar and light oil differ by not more than 
approximately 0.2 percent. Gas yield is slightly higher and coke yield lower at the 
higher temperature. The influence of changes on assaying temperature on yields from 
Sandow lignite is shown in figure 13. Results of assay tests on lignites made by the 
Fischer method have been reported by J. D. Davis and A. E, Galloway (7); H. F. Yancey, 
K.A. Johnson, and W. A, Selvig (31); W. A. Selvig (29); and W. H. Ode and W. A. 
Selvig (21). 


Results of tests made on North Dakota lignites are reported in table 13. To 
eliminate difference in moisture and ash content of the various lignites, yields 
were calculated to moisture- and ash-free basis, unless MAF data were already avail- 
able in the original publications. Average yields and range of yields for North 
Dakota lignites calculated from data of table 13 are given in table 14, 


The rather wide variation of tar yields, ranging from 5.0 to 9.4 percent for all 
tests listed in table 13, should be noted. Lignites from Divide, Williams, Burleigh, 
Morton, Stark, and Grant Counties had higher tar yields than those obtained from 
Burke, Ward, and Mercer Counties. Although results of a number of assay tests run 
on North Dakota lignites are available, lignites from some areas of the State have 
not as yet been assayed. 


Additional results of assay tests on other United States lignites are given in 
table 15. Only one lignite from South Dakota was tested. The yield of tar and light 
oil from this lignite was 5.8 percent. Lignites from Arkansas had yields of tar and 
light oil as high as 20 percent calculated to the moisture- and ash-free basis. 
Primarily this results from a different petrographic composition, as pointed out by 
Selvig (29). 
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TABLE 14, - Assay-carbonization yields of North Dakota 
lignites by Fischer-assay method 


Assay yields, MAF, percent Average Range 

CUBS y 66.d:wG.6 io W i oo 66s Howe wes 4G Ow Oe a _eae 59.1 = Oe 
WEG OD 6s 64:4: S:6°ss b656 WW wo 00 Ww 0h 06 0 rk wore 0b wie 6 See ew alee 10.3 = 14.3 
Tar + light OL 6 aie Wieeie- 00.8 W0b. 5 Wie ww wile we S'0elb oS whe eee 6.0 a 8.6 
Gas @eeeeeoeecvuaeeeaeegeeneoeaeeaeoeaeetrteoeseees@eoecs@ ou egeeaeaeoeoeaeaoenee eegee 17.1 - 19.3 
Gas data: 

B tu./cu.ft. calc. 2rosseccccccccecccccccccecs 389 - 466 

Net BAB, escscccseccccccccscosccenCle ft. on, MAF 4 640 - 5,320 

Heat in fas..cccccccccecccccees Bot a/lbd., MAF 902 - 1,135 

Tar + light oil.......@al./ton lignite as mined 8.6 - 11.2 


1/ Only complete tests used for this calculation. 
TABLE 15. - Results of ass tests on other United States lignites 
by Fischer-assay method 


1 2 2 
i Wesniagton 
County Harding Ouachita | Ouachita | Lewis 
Ellis Pd Prospect 
Gobert 
Moisture, as recd. ..eeee. percent 
Ash, BS TOCG s46 sit cciew vee ee 0% 
Temperature of distill.........C. 500 500 500 
Assay yields, MAF, percent: 
CHAY’ <o:so:6:sbs 6 WS KO oee eee Saw eee 
19 .8 20 .5 10.7 
Tar, gal./ton aS Tecd. sessesececs 
1/ Davis, J. D., and Galloway, A. E., Low-Temperature Carbonization of 
Lignites and Subbituminous Coals: Ind. Eng. Chem., vol. 20, No. 6, 
1928, pp. 612-17. 
2/ Selvig, W. A., Properties of Lignites of the United States: Fuel, vol. 
32, No. 1, January 1953, pp. 28-35. 
3/ Ode, W.E., and Selvig, W. A., Low-Temperature Distillation Yields of 


Primary Tar and Light Oil From Coals of Various Ranks and Types: 
Bureau of Mines Rept. of Investigations 3748, 1944, 10 pp. 


WACOl osc wc Siete <6 CN Se aw ee wees 
Ter +11 ehb. O1ls seek cswewewwee se 
GOS ss.ewsieeeere we se 60 Wwe Sarwee eure 
Hydrogen sulfide..cecrccccceces 
Gas composition, percent: 
Carbon dioxide .cccccccccccsccces 
TIVIMINANCS Gidea ed 660 066.0% Seon 
Carbon monoxide.cccccccccccvcce 
HV ONO RGM 66% 6s: sie wares ane wea ele 
MGC HEN 6 6sic 4:0 6% 01056560 60K ww S68 oe 
SG ABN G i oik56- Wii 6 oso 6 ose o oe Oa eek Oe ee 


B,t u./cu.ft., Calc., BTOSS.ceccece 


Net gas, cu.ft./lb. MAY 22% wae 84 ears 
N et gas, cu.ft. /ton MAY 6:6 Sereewie deers 


Heat in gas, B.t.u./lb. MAI eee odes 
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Attrital lignites, like the Arkansas lignites, which contain more or less debris 
of leaves, bark, spores, pollen, and resins, yield more tar than woody lignites, which 
predominate in North Dakota. 


V.F. Parry and coworkers have tested numerous coals and lignites in the modi- 
fied distillation-assay apparatus and reported the results in various publications 
(12, 23, 24), from which complete data on North Dakota lignites and selected data on 
Texas lignites are presented in tables 16 and 17. Among the Texas lignites, only the 
Sandow lignite is significant in extent of deposits. ; 


Average yields and range for both North Dakota and Texas lignites are shown in 
table 18. 


Yields of products from low-temperature carbonization of North Dakota lignites, 
recalculated to as-mined basis and expressed in English units of measure per ton of 
lignite carbonized, are given in table 19. 


On the average, approximately 82 percent of the potential heat of the lignite 
was recovered in the char, about 10 percent in the tar and light oil, and 6 to 8 
percent in the gas. 


An extensive series of determinations of carbonizing properties of coking coals 
has been carried out by the Bureau of Mines in cooperation with the American Gas 
Association. In the BM-AGA test (26), 13- or 18-inch-wide retorts containing charges 
of 75 to 180 pounds of coal are used, in comparison to the 150 to 250 grams employed 
in the assay tests previously described. This procedure and apparatus have been used 
to investigate the carbonizing properties of a single North Dakota lignite, Velva 
lignite from Ward County, at temperatures ranging from 500° to 900° c. (9326 to 
1,652° F.) (27). 


At 500° C. approximately half of the yield of tar and light oil indicated by 
Fischer assay was obtained in the BM-AGA test. The reduced yield is the consequence 
of longer residence time of the charge in the BM-AGA test, coupled with a consider- 
able temperature gradient across the retort which promotes cracking of tar vapors at 
the wall and in the hotter section of the charge. 


Lignites shrink considerably during the process of carbonization as a result 
of the large amounts of water vapor and gas released during decomposition of the 
coal substance. 


The contraction of volume of Velva lignite as a function of test temperature 
1s shown in table 20, as determined in the BM-AGA test. 
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TABLE 17. - Results of assay tests on Texas lignites by modified 
di stillation-assay apparatus 


Mine name Malakoff Freestone 


Count; Hengoreen [Mites [Mien — Freestone 
Moisture, as TeECd. woscccoce percent 36.2 
Ash, 88 TECd. .ecccsececes wer OO 8.1 
Temp. of distillation.......... Oe 500 
Assay yields, MAF, percent: 
CHAM: b50s ee stnisnswoceweeeeesee’s 68 .O 64.2 
Water e eeeeenen ene eeoeve e Tes 8.0 
Tar.. e @e@eaaneseeeoenevneeoneeaseoenenen 10.9 14.6 
Dight Ol laiavsGevaweeuseewsa vasa 1.8 1.8 
Tar + light O11... ..cccccccccces 12.7 16 4 
GAG 5 bicuertes vie oeueesareeew ens 12.1 11.1 
Gas composition, percent: 
Carbon dioxide. .cccccccccccccces he .5 ho 4 41.7 36.2 
Tlluminants ...ccccccccecce eget ais 1.6 1.8 1.9 1.8 
Carbon monoxide ..ccccccccccccces 8.9 9.8 11.7 9.8 
HydTOR6N 3 5.600 saiae ee eacereeasie wears 15 .8 6.2 11.8 15 6 
Methane..... ser aheresn ie aa wae wecreaee 26 4 38.1 30.0 34.6 
Ethane secs5 eessueweseaeens eee 4 8 127 2.9 2.0 
Bits cus ft. Agaxaves calc, gross 460 499 465 500 
Net gas............-cu. ft./lb, MAF] 1.474 1.400 1.608 1.627 
Heat in PAB. cccccces Bet u, lb. MAF 678 6 814 


l/ Average of 4 tests on same sample. 


TABLE 18. - Com tive ass elds of North Dakota and Texas 
lignites, assay temperature 500” C. 


North Dakota Texas 


Assay yields, MAF, percent: 


Char ci sc0ccceeusasewas d arasece mate ; 64.2 - 68.0 
WACO? a6. iio 5 660 Shoes Ves at 8 .6 
PAT sc ccdeurwie-s i prbtacaacuiete eareeates 10.9 - 14.7 
Light Ol Liceiukeiee te cweosseeaes 1.8 ae 2.0 
GOb ic cieates eanuotersees i atca wade 10.9 - 12.3 
Gas data: 
B.t u./cu.ft..........calc. gross 3lo - 511 460 - 500 
Net gas....2.......cu.ft./lb. MAF 1.583-1 .860 : 1.400-1 .627 
Heat in gas....... B.t.u./lb. MAF 640 555 - 809 678 - 814 
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TABLE 19. - Yields of products of low-temperature carbonization 
of North Dakota lignite 


een Cm OE PR IE Rg Peet 
Mine name Noonan /|Kincaid|Custer | Garrison/Beulah| Zap Dickinson 


County [Divide [Burke [McLean |McLean |Mercer|Mercer|] Stark | Average 
Moisture in coal as 

mined.......percent 
Ash in coal as 


Yields, per ton of 
coal, as mined: 


Gas......Cu,. ft. 


Water ..cccccce lb, 
Gas.... B.t.u./lb. of 
lignite 

Char..... .B.t.u./lb 


Potential heat of 
lignite recovered 
in char.....percent 

Volatile matter in 


TABLE 20. - Contraction in volume of charges of Velva 
lignite as mined in BM-AGA tests as a 
function of processing temperature 


Contraction, 
Test temperature, °C. percent by volume 
500 33.1 
600 47 3 
700 47.5 
800 1, 
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Process Methods 


Experimental carbonization of lignite has been carried out in this country since 
the middle of the last century. Objectives of lignite carbonization have changed from 
time to time as a result of contemplated end uses for the products. Before develop- 
ment of convenient oil-burning equipment and construction of numerous power plants, 
almost all of the lignite mined in the North Central region was used for domestic 
heating. The main objective of lignite carbonization under these circumstances was 
to provide a smokeless, agglomerated fuel from the resultant char. Recovery of tar 
and oils was considered of secondary importance. When coal gas was rather extensively 
used for municipal distribution in North Dakota, gas coals for manufacturing the gas 
had to be imported. It was therefore proposed to use lignite in the conventional 
retorts of gas plents for manufacture of city gas. Because gas was the desired end 
product, carbonization temperatures had to be very high, which resulted in low tar 
yields. Meanwhile, oil and natural gas have increasingly replaced solid fuels for 
domestic heating, and electricity and petroleum gases are predominantly used for 
cooking and hot-water service. The more recent concept of the end uses for products 
of carbonization of lignite are utilization of the char as fuel for power generation 
and utilization of the tar as a source for chemicals. In this case, the char must 
compete with nonprocessed lignite, natural gas, and heavy fuel oils, and revenue 
from tar mist absorb the cost of the carbonization process. Therefore, the potential 
tar content of the lignite should be high, recovery of the tar should be as complete 
as possible, and the carbonization process should be cheap. 


Pilot and Commercial Plants for Carbonizing American Lignites 


Glenk (11) has reported that Arkansas lignite was carbonized as early as 1859 by 
Robert Peter to produce gas for generating heat and power. A very crude process to 
carbonize Arkansas lignite was operated in 1885. The resultant char was pulverized 
and mixed with the oils and other ingredients and the mixture sold as rough black 
paint, which was used principally on iron and steel. 


In the summer Of 1900, the Laclede Gas Light Co. of St. Louis, Mo., installed 
an experimental bench of 4 horizontal D-shaped fire-clay retorts in which 20 carloads 
of Arkansas lignite were carbonized. As a result of high carbon dioxide content of 
the gas, which was too high to be removed economically, it was concluded that lignite 
gas could not be used as illuminating gas (6). 


Later, Darling (6) designed an inclined slowly rotating cylindrical iron retort, 
which was placed in a combustion chamber. The process proved satisfactory with re- 
spect to yields, but the iron retort deteriorated rapidly under the high temperature. 


E. J. Babcock, of the University of North Dakota, and his coworkers took a lead- 
ing part in early work on development of North Dakota lignite. Extensive investiga- 
tions were made on carbonization of lignite and briquetting of residual char. An 
experiment station was established at Hebron, N. Dak., where experiments were carried 
out on a large pilot-plant scale, 


Babcock (1) and Babcock and Odell (2) reported in detail on types of carbonizing 
equipment and presented operating data. Hood and Odell (15) reviewed development of 
the technique of lignite carbonization up to that time. 


Although the Bureau of Mines since its establishment had taken an active interest 
in utilization of lignite and development of the lignite deposits of the United States, 
Congress, by an act of February 25, 1919, authorized the Secretary of the Interior to 
make investigations, through the Bureau of Mines, of lignites and peat to determine the 
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practicability of utilization as fuel and in producing commercial products, As a re- 
sult of this authorization, a cooperative agreement between the Bureau of Mines and 
the University of North Dakota was signed in 1922 covering the joint use of a lignite 
carbonizing oven and accessories. Results of runs made in this oven were reported by 
Odell (22), 


Externally heated cast-iron or clay retorts first used were operated at fairly 
high temperatures, ranging from 1,207 to 1,800° F., with the maximum quantity and 
quality of gas obtained at 1,200° to 1,400° F. The clay retort was capable of car- 
bonizing about 400 pounds of lignite in 4 hours. Lignites from North Dakota, Montana, 
Colorado, and Texas were tested. Average figures resulting from 25 experiments run 
on air-dried lignite containing 8 to 27 percent moisture were reported as follows: 


Operating temperature, 1,110° - 1,700° F. 


Gas yield 11,038 cu. ft. per ton of 
air-dried lignite 

Heating value of gas 396 B.t.u. per cu. ft. 

Char yield 54.6 percent of the original 
charge of air-dried 
lignite 

Heating value of char 11,838 B.t.u. per pound 


After further preliminary experiments, a large, externally heated, inclined 
retort having a capacity of about 20 tons of lignite per day and consisting of 6 
double retorts with 18 gas offtakes arranged to remove gas at 3 separate levels, 
was constructed and operated. Tops of the retorts were not closed, a feed hopper 
of lignite acting as a seal. A single retort was 16 feet long, 30 inches wide, 
and 10 inches high. Gas and byproducts could be collected, and stripped gas could 
be returned to the fire box. The influence of temperature, size of lignite, and 
time of carbonization on quality and quantity of products was investigated. Yields 
of tar were small because some tar was carbonized in the fuel mass. The char obtained 
was satisfactory for briquetting. A typical material balance for a ton of lignite, 
calculated from data for a test mm of 1 week, is given in table el. 


TABLE 21, - Material balance for carbonization of lignite 
in inclined retort 


i Percent 

Input: Lignite, as mined (moisture 20 .& 
Recovered: CHA... cccccccccccccvcccccccecesscs 
Water, calc. from lignite analysis 
GAS. svscccccccccnccccccscscceccace 


VOT so ob 86 6-S0 00 OO OA ee HCA OS eee 


Total accounted LO P55 ae ae ee ob. a Wes aoe ee 
Unaccounted for and TOS SOG eve o- sd Sane obs ee ere ees 


Losses include water-soluble products, leakage, combustion of gases and tar 
leaking into the flues, and water formed on distillation of the lignite, 


In an attempt to obtain increased capacity and lower processing cost, an in- 


ternally heated oven of relatively simple design was built. This oven consisted 
essentially of a vertical shaft 6 feet high inside and 3 by 3 feet wide. A device 


Google 


45 


to cool and quench the char was attached to the carbonizing shaft. To supply heat for 
carbonization, a combustion zone was maintained at the middle of the oven by supplying 
air through airports opening into the combustion zone, burmming a portion of the lignite 
charge. No provision was made to collect gases and tar evolved during the carboniza- 
tion process. The oven carbonized 16 tons of as-mined Mgnite a day, producing 6.4 
tons of char suitable for briquetting. 


mW 
Lurgi -Spulgas Process 


The concept of using lignite char as a source for storable, high-B.t.u. briquets 
led in 1928 to construction of two commercial plants on the North American continent, 
one at Dickinson, N. Dek., and the other at Bienfait, Saskatchewan, Canada. These two 
plants use the Lurgi - Spulgas internally heated carbonization process developed in 
Germany in the early 1920's (3, 17). 


The basic principles of the Lurgi process are the following: 


1. Any noncoking fuel, crushed and screened to suitable size can be 
used without pretreatment. 


2. Tar can be recovered with high yield, without excessive cracking, 
and without dust. 


3. The charge is slowly dried at controlled temperatures before the 
actual carbonization process. 


4. The zones of drying and carbonizing of the coal and cooling of 
the char are clearly separated. 


5. The whole three-step process is entirely continuous. 


Figure 14 shows a diagram of the Lurgi carbonizer. 


The North Dakota plant at Dickinson, formerly known as the Lehigh Briquetting Co. 


and acl ail by the Dakota & Tar Products, Inc., has been described by R. Dawson 
Hall (1 


In this plant lignite as mined is crushed to 4-inch or less, and the crushed 
material is passed over a vibrating screen. Undersize, consisting of approximately 


minus-1/4-inch particles, goes to the power plant, and oversize is charged to the 
carbonizer, 


In the upper section of the retort, moisture is removed from the lignite, and in 
the lower section carbonization takes place. Part of the gas originating from carbon - 
ization and having a heating value of about 190 B.t.u. per cubic foot is mixed with 
air and burned outside the drier, and the products of combustion are recirculated 
through the drying zone. Moisture is removed from the lignite during its passage 
through the drier and is vented to the atmosphere. Considerable disintegration takes 
place during the drying process, leaving a dried product of approximately 3/4 inch 
maximm size, which descends through 8 pipes into the carbonization section, which is 
operated on the same principle as the drier and is equipped with ducts for distribut- 
ing the hot products of (external) combustion from the recycle gas. The gas mixture 
enters at 1,300° F. and heats the lignite to approximately 1,100° F., decomposing it 
to char, gas, and tar vapors. Char residue goes to the bottom of the carbonizer, 
where it is cooled by carbonization gas, as recycled. A gas mixture consisting of 
carbonization gas, tar vapors, and inert products of combustion is drawn off at the 
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Figure 14. - Diagram of Lurgi carbonizer. 
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top of the carbonization chamber at approximately 350° F. Char is discharged at the 
bottom at about 200° F. Total height of the carbonizer installed at Dickinson is 
approximately 85 feet, and the drying and carbonization sections are each 20 feet 
long and 6 feet wide. 


Gas leaving the carbonization section is washed in a water-spray scrubber to 
take out dust, tar is removed by an electrostatic precipitator, and final cooling is 
accomplished in two scrubbers filled with grids. Clea gas is returned to the car- 
bonizer to cool the char and supply the heat requirement for drying and carbonization. 


There are two Lurgi carbonizers installed at the Dickinson plant, each having a 
daily capacity of approximately 100 to 150 tons of lignite as mined. 


At Dickinson the tar and oils, after separation from water condensate, are dis- 
tilled into a liquid fraction and a pitch residue. The distillate oil is sold for 
use &@s a wood preservative, and the pitch serves as part of the binder for manufac- 
turing briquets from the char, Pitch obtained is not sufficient to meet requirements 
for briquetting and mst be supplemented by petroleum asphalt. 


Approximately 5 gallons of tar and oils per ton of as-mined lignite were recov- 
ered during actual operation of the plant, or about 70 percent of the yield, as de- 
termined in the laboratory. Tar and oil recovery is influenced in part by the fact 
that facilities are not available for stripping the light oil from the gas after the 
tar-recovery system. It has been reported (3) that 83 percent of the assay yield was 
recovered in a newer Lurgi-Spilgas plant, which scrubbed light oil from the gas, 
whereas the yield was 71 percent of assay disregarding the recovered light oil. 


Economic success Of the Dickinson plant did not come up to expectation because 
its main value product is briquets for the domestic market, which has been declining 
because of competition from other fuels. Quality of the char briquets, having a heat- 
ing value of about 12,000 B.t.u. per pound, is very satisfactory as far as burning 
properties and storability are concerned. Tar production is not sufficient in quan- 
tity to process it for maximum realization. 


Fluidized Carbonization, Bureau of Mines, Denver, Colo. 


Work on low-temperature carbonization of lignite, using new techniques, has 
recently been successfully reactivated by V. F. Parry of the Denver laboratories of 
the Bureau of Mines. The Texas Power & Light Co. cooperated with the Bureau of Mines 
in this development work, In this process, carbonization of fine-particle coal in 
the fluidized state is used to obtain high heat-transfer rates, high capacities, and 
low operating costs (4, 5, 20, 24). Feed size of the coal is minus-1/4-inch. Required 
residence time of the particles in the carbonizer is 10 to 15 minutes. 


The process developed by Parry consists of two steps. Lignite, as-mined, is 
crushed to minus-1/4-inch and dried in the entrained state in a stream of hot gases. 
This process has been described in section 5 part 1. The dried coal is then trans- 
ferred to the fluidized carbonization retort. In the carbonization retort, process 
heat is furnished in part by combustion within the retort through limited addition of 
air and in part by external heating. The mixture of char, gases, and tar vapors leav- 
ing the retort at the top is separated in conventional dust -removal equipment and a 
specially designed hot electrostatic precipitator. Nonagglomerating coals can be 
carbonized readily in the entrained and fluidized state by this technique. 
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Because Operating data are not available from the commercial plant now under 
construction, the equipment used during development will be described. The 300- 
pound-per-hour pilot plant, which was used to develop the technique of fluidized 
carbonization and to determine yields, is shown in figures 15 and 16. It con- 
sists of an 8-inch steel retort having a sprayed coating of 312 alloy to prevent 
oxidation. The retort is suspended within a refractory-lined outer chamber heated 
with gases produced by combustion of natural gas and air in an external furnace. 
Coal is fed by a mechanical vane feeder from the dried-coal hopper into a stream 
of air or recirculated process gas that transports the dried coal to the fluidized- 
carbonization retort. With a gas velocity of 3 feet per second at the base of the 
retort, the average particle of dried coal remains in the retort approximately 12 
minutes. If gas is used to transport the coal, all heat of carbonization is sup- 
plied by transfer from the hot-gas zone through the retort walls. If air is used, 
internal combustion supplies part of the heat required. Approximately 60 percent 
of the heat of carbonization is supplied by combustion resulting from the use of 
3 cubic feet of air to transport 1 pound of dried coal into the carbonizing system. 
Early tests were made with the annulus shown inside of the retort in figure 15. 
Clean process gas was recycled down this annulus. The gas absorbed heat from the 
hot wall and carried it down to the base of the retort, where the gas joined the 
stream entering the central retort tube. The annulus was intended to distribute 
the heat evenly throughout the retort and assure uniform temperatures. It was 
found, however, that this was unnecessary, and later tests were made without the 
annulus. In these later tests, all of the gas entering the retort entered with 
the coal stream. Leaving the top of the retort is a mixture of char, water vapor, 
tar and light-oil vapors, and gas, This mixture is passed through a primary sepa- 
rator, which removes approximately 93 percent of the solids, and is then passed 
through the heated secondary separator, where 70 percent of the remaining solids 
is removed, Vapors leaving the secondary separator are at the carbonizing temn- 
perature, usually 900° F. They are first passed through an indirect air-cooled 
condenser, where the heavy ends of tar and most of the carryover solids are 
removed. Residual vapors and gases leave the air-cooled condenser at about 340° F, 
and pass through a tube condenser, where they are cooled to about 150° F. The 
gases then pass through the steam-jacketed electrostatic precipitator, where the 
remaining tar is recovered, and leave the precipitator at 150° F. From here the 
gases go to the second indirect tube condenser to remove water and the last traces 
of condensable light oil, They leave the second tube condenser at 60° F. and are 
pumped into the recycle system or through the meter to storage or disposal. 


Only one North Dakota lignite - Garrison lignite - was included in the series 
of coals tested in the pilot plant. Yields from the carbonization of this lignite 
are compared in table 22 with those from Sandow lignite from Texas processed under 
various operating conditions. Sandow lignite will be used to produce char for the 
Texas Power & Light Co. and the Aluminum Co. of America at Rockdale, Tex. (4). 


Garrison lignite yielded approximately 70 percent of the amount of tar and 
light oil obtained from Sandow lignite under comparable processing conditions. 
As previously shown, North Dakota lignites in general yield less tar and light oil 
than Texas lignites. 
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Figure 15, - Pilot plant for fluidized carbonization of noncoking coal—capacity 250 to 300 pounds per hour. 
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Figure 16, - Eight-inch fluidized carbonizer, Denver, Colo. (Arrow | points to retort 
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Introduction of air with the lignite during run 36 increased the capacity of 
the unit appreciably, since 1 cubic foot of air, by internal combustion produces 
approximately 100 B.t.u., of which approximately 70 B.t.u. is available for car- 
ponization after correction for the sensible and latent heats of the products of 
combustion at 900° F. The yield of tar remained essentially the same whether or 
not air was used, and the B.t.u. in the gas per pound of lignite remained constant. 
Introduction of air, of course, resulted in lowering the B.t.u. per cubic foot of 
gas because of the dilution effects of the products of combustion. The chief 
effect of air appeared to be reduction of the yield of char and increasing the 
yields of total gas and water. The yield of tar actually increased in nm 36, 
when air was introduced, as the result of a new shipment of Sandow lignite, which 
yielded 13.2 percent tar and Mght oil in the assay test on moisture- and ash-free 
basis, ag compared with 12.2 percent of the Sandow lignite used during mm 14. 


Analyses of the chars obtained from runs 11, 10, 14, and 36 are given in 
table 23. Physical properties of Garrison lignite and char are listed in table 2h. 


TABLE 23. - Chemical analyses of char 


Carbonization test NO. .cccccscccccccvece 11 
Carbonization, temp., °F. ..ceesccccesees 840 
Name::0f U1 ant Ce issn 62s oe sates sees Gekews Garrison 
SOUTNCO 6 oso bs 0s 65 Sees decwewiuwecuececas - North Dakota 
Proximate analysis: 
HOO 4.5 Weck ce ww 00d ie Wi eewedewe nes Dercenc 
Volatile matter..cccsccccccccses Oe 
FIXEd CATOON cc ceesssccscsvessese GO. 
AB 05 65 oe o 6 eee ww Wtk 6 ie wre a ree do. 


Ultimate analysis: 
Hoeccecceccccccseccevenscveses sporcent 
Oe T eT eT eee ee eee ere eee do. 
No ce vcccccccccsccveccvcccccsere do. 
On ve cvccecvenesccveseccesvecess do. 


Bere kvhce 6 Soe Ba ow BG 6 el ew eee ake do. 


PB ea eiein 6 esb 0.0 oo eh eae Se wae do. 


Heating value gerade Sie braera eco ets nae Ue te lb. 
1/ Air introduced, 2.5 cu. ft. per lb. MAF lignite. 


TABLE 24. - sical properties of Garrison ligmite and char 
As mined Char 
Average particle SIZ v.ccivvevececeesve ceil Ges 0.002 0.0 1 0.019 
Density s.<s<iscsvaasewescncwssaneeses be Cus ft. hi 4 LO .0 35.9 
Hardgrove grindability index... .cccccccccsccsce | 5707 76.1 94.1 


Average particle size was considerably reduced during processing, and grind- 
ability index was improved. 


Composition of gases for the test runs of table 22 are presented in table 5. 
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TABLE 25. - Composition of carbonization gases 
Sich fluidized carbonizer 


11 


Carbonization test No ®esseeeveeeeoeaseeneeese0n eee bed 
Carbonization temp. @eeeseeseeseeavoseovpeaespseeaeseanenese OF s 
Name of DAB CO 66d 6 eis es See 6 oe ee Owes 


SOUTCO . cccccsce @eeoeooaosoesceaeeaeveovoeeneaesoeeeaeaeseeeeae 08 @ 


Air per lb. MAF lignite ...ccecece 8tG.CU ft. 
Volume, percent: 


Garrison 
North Dakota 


oO 


HOG. c ens cGawisne sie ern nee reaesweuees 0.8 0.7 41 spe 
C05 nicsbsxciiscs se benede baeeseia seas 58 5 51.6 ho. =| 23.2 
Te rece eid oe la ike odaaeiwae weeks 3.9 4.9 5.7 2.6 
Od aro eetssucea cnt one acssi wise Aes aoa Rie eeelor 0.3 0.3 1.4 0.2 
CO csvea enue doe Slob iw BSS eh Oa eR eee ees 16 .6 17.3 14.0 6.3 
Hocics decsoulw tease teeta eae ee senewet ets 4.7 h 7 10.9 3.2 
GH lp coeo 5 ciiant ence eee aia Sua ek Genes 11.3 14.2 17.8 6.5 
CONG <sdidcccesieoats Geum eens iscneee sews 2.7 4.0 2,4 2.9 
Nes ocaeraes ee cae oie oa aoe sie ewes 1.2 2.3 1.3 5h .0 
Heating value.....sscceseceee Bot u./ou. ft. 312 389 65 218 


Increasing the carbonization temperature from 840° to 900° F. reduced the 
concentration of carbon dioxide and carbon monoxide and increased hydrogen and 
methane. Application of intemal heating by introduction of air with the lignite 
primarily increased the nitrogen content of the gas, thereby lowering the heating 
value; however, because of the presence of hydrocarbons, heating value was still 
higher than that of conventional producer gas. 


Results of assay tests have shown that about 80 percent of the heating value 


of the lignite was retained in the solid residue. Pilot-plant data are similar, 
as shown in table 2%. 


TABLE 26, - Distribution of potential heat per ad of lignite as 
charged, 8 -inch fluidized carbonizer 


Carbonization test No..cccccccocccccecce 1 


Carbonization temperature.....e.es. OF. 900 900 
Name of lignite eeeeseeseeeoeeseeaeenseseane020eeeen ee ee 8 Sendow Sandow 
Source ®@eoe eo@eeseesoeeeaeeeseaeespe@eeseeaeeseseaeseases8 ess Texas Texas 


B.t.u. |Percent |B.t.u. |Percent 

Lignite, as charged...cccssessccccsece 
CBT a 4.6655 oii 606 WOW Ws ele Ce OG BES 
TOP LING OLD dic sie rs: ce ON Coe ew O80 es 
GAS cc wccccnvccccesevecccenescsevesesee 
Whaccounted fOKrsssec0sseses sess ccesawe 
TOCEL . veccccccscvsvrevesccvessess 

1/ Air introduced, 2.5 cu. ft. per lb. MAF lignite. 


The available data did not allow a heat balance to be calculated for the 
Garrison lignite from North Dakota. When Sandow lignite was carbonized at 900° F., 
the char, which was 49.3 percent of the weight of the original Mgnite, contained 
79.8 percent of its heating value. The char and the liquid byproducts (tar and 
light oil) contained 95.9 percent of the heating value of the lignite. When addi- 
tional internal heating by admission of air was used, B.t.u. recovered in the char 
were reduced to 72.6 percent whereas B.t.u. in tar and light oil did not change 
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materially. The authors have therefore assumed that the air reacts primarily with 
the char and does not burm the liquid products of carbonization. 


Since the economic success Of the process depends on credits realized by sale 
of the liquid products, their recovery in the carbonizing equipment should approach 
that of the assay test, which is considered to give approximately optimum results. 


In figure 17, yields obtained in the 8-inch pilot plant processing Sandow 
lignite at various temperatures are compared with tar-plus-light-oil yields from 
the 500° C, assay test. 


The lower curve indicates that approximately 95 percent of tar plus light oil 
determined by the assay test was recovered in the pilot plant at carbonizing ten- 
peratures ranging from 900° to 950° F. The crosshatched area shows that some re- 
sidual tar and light oil were left in the char, which, when added to the recovered 
tar and light oil, would exceed the assay yield. Low-temperature carbonization in 
the entrained and fluidized state in the equipment developed by the Bureau of Mines 
provides efficient recovery of liquid products. A high percentage of the origi- 
nal heating value of the lignite is recovered in a greatly reduced weight of char, 
which constitutes a high-B.t.u. boiler fuel. 


Investigations to Produce Coherent Coke From Lignite 


Char obtained from normal carbonization of United States lignites is of a 
loose, noncoherent nature, not suitable physically for blast-furnace use. 


Laboratory studies have been made by the division of mines and mining experi- 
ments of the University of North Dakota in an effort to improve the coking charac- 
teristics of North Dakota lignite. Studies were made of the influence of the 
following variables on carbonization: 


1. Addition of inorganic materials before carbonization. 
2. Blending with bituminous coals and pitches before carbonization. 
3. Mechanical pressure during carbonization, 


It has been known for some time that addition of inorganic salts to either coking 
or noncoking coals influences both the structure of the resulting coke and its 
reactivity. In the tests with North Dakota lignite, various anhydrous and hydrated 
salts were added to samples of crushed, air-dried lignite, lignite was extracted 
with hydrochloric acid or sodium hydroxide solutions, and steam-dried lignite, and 
the mixture was then carbonized (9, 18, 19). Char, gas, and tar yields were meas- 
ured and the physical structure of the char noted, 


Hydrated aluminum salts, notably Alp(S0),)3.18H-0 and AlC13.6H20, caused enough 
cementation of char particles to produce coherent pseudocoke having, in some in- 
stances, a bright metallic luster resembling metallurgical coke and in others a 
black luster, as with petroleum coke, Hardness of selected cokes equaled that of 
petroleum coke but was less than that of metallurgical coke. 


Removal of a portion of the lignite ash by acid treatment increased the effec- 
tiveness of the aluminum hydrates but did not affect char, tar, and gas yields. 
Prior treatment with sodium hydroxide to remove the alkali-soluble humates de- 
stroyed the effectiveness of Alp(S0),) 3.1820 in producing coherent coke and de- 
creased the char, tar, and gas yields compared to carbonization of unextracted 
lignite with equal additions of aluminum hydrate. 
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Addition of inorganic salts to steam-dried lignite did not yield as satis- 
factory a coke as the nondried lignite, and tar yields were generally lower (18). 


Chars produced from lignites treated with anhydrous salts, including calcium 
carbonate, sodium carbonate, and aluminum sulfate or chloride, were similar to 
untreated chars. Some additional hydrous salts investigated, such as ferric 
chloride hexahydrate and magnesium chloride hexahydrate, were not effective in 
promoting formation of coke, 


The mechanism by which the pseudocoke forms is apparently one in which the 
melted salt dissolves in its water of crystallization and wets the surface of the 
lignite particles. The hydrocarbons evolved during carbonization pass through 
the surface film and in the presence of the inorganic matter are decomposed or 
cracked, forming a hard graphitic layer, which cements the carbonized particles (9). 


Generally, yields of char and gas were increased somewhat and tar yield de- 
creased when the inorganic salts were added. However, the process was not promis- 
ing for commercial application because of the large amounts of hydrate required, 
ranging from 10 to 40 percent, by weight, of the lignite carbonized. 


Carbonization properties of various blends of dried or precarbonized lignite 
with bituminous-coal tar, petroleum, and wheat-straw pitches or bituminous coals 
have been investigated (10). Only blends of Pocahontas coal and Mgnite char con- 
taining at least 40 percent by weight of the coal gave a satisfactory coke. Addi- 
tion of hydrated inorganic salts improved the coking characteristics of the various 
blends. 


Bituminous coal-tar pitch was not satisfactory. Petroleum pitch gave a satis- 
factory coke if inorganic hydrates were added. Addition of 10 percent petroleum 
pitch reduced the requirement of aluminum chloride hexahydrate to produce coke by 
a factor of 5. Pitch was prepared from straw by steam distillation or pyrolysis 
with yields of about 4 percent. Blends with 16 to 20 percent of straw pitch and 
small amounts of inorganic hydrate produced a good coke upon carbonization ( 10) ‘ 
When mechanical pressure was applied to the material undergoing carbonization, 
improved coking characteristics were obtained. A coherent residue could be made 
without adding binder or inorganic salts. HEowever, carbonizing pressures were 
high, being initially some 20,000 pounds per square inch, with the final pressure 
somewhat less and inversely related to the carbonization temperature. The size of 
particles subjected to thermal treatment influenced the coke characteristics - minus- 
2O-mesh material gave the best results. Additions of inorganic hydrate or blending 
material required to obtain comparable cokes were reduced when the carbonization was 
carried out under pressure. Again, the pressure requirements and salt additions were 
such that such processes could not be considered for commercial use under present 
technological and economic conditions. 


German Processes for Carbonizing Lignite and Brown Coal 


The main purpose of brown-coal carbonization in Germany was to recover tar 
and light o11 as a source of wax, fuel oil, diesel oil, wood preservatives, and 
motor fuel. The resultant char was used as boiler fuel, as a source of hydrogen 
for hydrogenation of brown-coal tar, and to a minor extent for domestic fuel. 
Yields of tar and light oil as high as 17 to 22 percent on a moisture- and ash- 
free basis are typical for Central German brown coals, which differ significantly 
in composition and properties from American lignites. 
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Both external and internal heating were used to supply heat for the carboniza- 
tion process, Extemal heating requires that the bed of brown coal be thin to 
obtain adequate rates of heat transfer and retort capacity. Provision is made to 
deflect the descending stream of brown coal from the externally heated wall to 
secure uniform heating. Because of the narrow carbonization space, the previously 
dried brown coal mist be crushed to approximately 0.04 to 0.12 inch to maintain 
free flow. Advantages of extermal heating are: Higher heating value of the un- 
diluted carbonization gas, smaller gas volume to be processed, and higher concen- 
tration of light-oil vapors in the gas, which facilitates light-oil recovery. 
However, the capacity of the carbonizers is lower than that of internally heated 
units. Because of the small initial size of the brown-coal particles and the 
further breaking up of the particles during carbonization, the char particles are 
very small and require careful handling to prevent spontaneous heating or dust 
explosion. 


In conventional German practice intemal heating is carried out by burming 
the carbonization gas in a combustion chamber and introducing the products of com- 
bustion into the carbonizer. With this method of heating, the capacity of a car- 
bonizer unit can be very large, the size being limited by the required uniform 
distribution of the products of combustion through the charge. It is necessary to 
use a uniformly sized feed, usually briquets made from previously dried brown coal. 
Lignites of a consolidated nature, like North Dakota lignite, can be carbonized by 
internal heating in as-mined condition and need not be briquetted. Disadvantages 
of internal heating are: Low heating value of the gas because of dilution of 
products of combustion, large gas volumes, which mist be processed, and the low 
concentration of light oil vapor in the gas, which does not permit efficient 
recovery by scrubbing. 


Examples of extermmally heated carbonizers that were used commercially are the 
Rolle, Kosag-Geissen, and Borsig-Geissen retorts, shown in figure 18, 


The Rolle retort is an improved and modified design of a carbonizer that was 
extensively used in the early days of brown-coal carbonization. To increase daily 
capacity and size of the char, the former operation on brown coal as-mined was 
changed to carbonization of briquets made from brown coal dried to approximately 
14 percent moisture, The main parts of the Rolle retort are two cylinders mng 
in a cylindrical shell constructed of refractory with surrounding heating flues 
(30, p. 20). The upper cylinder, made of cast iron, is internally heated by gas 
to dry and heat the briquets to carbonization temperature in the shortest possible 
time. The annulus formed by the outer and inner cylinder is 12 inches wide. 
Water vapor and gases are withdrawn by a louverlike hood resting on top of the 
cast iron cylinder. Products of combustion leaving the cast-iron cylinder pass 
into the main flue-gas duct. The lower cylinder consists of a steel framework 
that supports refractory brick, each having a hole allowing the gases to escape 
from the annular space into the inner part of the cylinder. Gas is withdrawn at 
the bottom of the cylinder. Annular space in the carbonizing section is 7 inches 
wide. The retort has a carbonizing capacity of l2 tons of briquets per day. Tar 
recovery is 70 percent of the yield by Fischer assay. Because of their low capac- 
ity, only 3 plants, producing approximately 72,000 tons of tar per year, were 
equipped with Rolle retorts in Germany at the close of World War II. 


The Kosag-Geissen and Borsig-Geissen retorts (fig. 18) also employ extemal 
heating of the carbonization space (30, pp. 22, 25). The basic design of the two 
retorts is similar, the latter being an improved modification of the first one, 
Both retorts are operated on dried and crushed brown coal, which descends between 
two concentric metal cylinders, the inner one of which rotates slowly and is heated 
by a large Bunsen-type gas bumer. Baffles set in the carbonization space deflect 
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the stream of descending coal particles to secure uniform heating. Carbonization 
gases pass through openings between the louverlike baffles into a gas-collecting 
space from which they are withdrawn through several gas offtakes. In the Borsig- 
Geissen retort, provision is made for flue gases leaving at the bottom of the 
heating chamber to be returmed to an annulus surrounding the gas-collecting space 
to prevent formation of deposits. The main difference between the two designs is 
the width of the annular carbonization space, which is 2 inches for the Kosag- 
Geissen retort and 3/4 to 1 inch for the Borsig-Geissen retort. Reduction of the 
width of the carbonization space accounts for a higher capacity of the Borsig- 
Geissen retort per unit area of heated surface or unit volume of carbonization 
space. 


In table 27, comparative figures are given for test runs on the two types of 
carbonizers (30, pp. 24, 30, 31). 


TABLE 27. - Comparative figures for Kosag-Geissen and 
Borsig-Geissen retorts 


Type of oven Borsig-Geissen | Kosag-Geissen 


Throughput /day...ccccccccccccccccceess tOnS 41.0 
Moisture of brown coal.......e..ee...percent 15 .6 
Heated surface, ...ccccccccrevecccese BQ.e ft, 1,359 
Capacity of heated surface... .cccccccccccns 

‘ols Gilding wuacecnewheleaiaat Ube) COGS ft .)(hr.) ao) 
Volume of carbonization space.......cu. ft, 258 
Capacity of carbonization space...csosescoee 

spi eoaeswenetenwes LUsy (CUsfts) (hr) 13.3 
Tar yield..........percent of Fischer assay 91.8 


In addition to a number of Kosag-Geissen retorts, there were 22 Borsig- 
Geissen retorts in Germany at the close of World War II, the combined tar produc- 
tion of which was approximately 145, 000 tons per year. A design of a large Borsig- 
Geissen retort, which supposedly would carbonize 120 tons of dried brown coal per 
day, was developed but not built. 


The internally heated Lurgi -Spulgas retort (30, pp. 32-41), the same system 
that is in commercial use at Dickinson to carbonize North Dakota lignite, found 
the widest application in Germany. Basic design of the improved carbonizer is 
essentially like that previously shown, The capacity of a carbonization unit when 
using brown coal has been increased since the Dickinson plant was built. Two 
shafts, each approximately the size of the Dickinson carbonizer, were placed on 
each side of the central combustion chambers supplying the heating gases. As a 
result of improved distribution of heating gases, the capacity per unit volume of 
carbonization space was increased when brown-coal briquets were used; however, 
there was no substantial increase of the capacity per unit volume in direct car- 
bonization of lignite similar to North Dakota lignite. Recovery of tar and light 
Oil was approximately 90 percent of that obtained by Fischer assay. Heat consump- 
tion per pound of briquets containing 15 percent moisture was in the range of 900 
to 1,100 B.t.u., leaving some excess gas, which was used to dry the brown coal 
before it was briquetted. The heating value of the stripped gas was from 180 to 
215 B.t.u. per cubic foot, depending on the brown coal used. Gas obtained from 
carbonization was sufficient in all cases to supply heat for both carbonization 
and drying. 


ve 
At the end of World War II 98 Lurgi-Spulgas retorts were operating in Germany, 
carbonizing 39,000 tons of brown-coal briquets per day, of 11 to 15 percent moisture 
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content, in the production of l , 560, 000 tons of tar and light oil per year, Each 

Lurgi -Spulgas unit thus had a carbonizing capacity of close to 400 tons of briquets 
per day. In addition, 80 Lurgi-Spulgas retorts were concentrated at 1 plant proc- 
essing 25,000 tons of. 35 percent moisture Czechoslovak lignite per day in the pro- 
duction of 900,000 tons of tar and light oil per year. This Czechoslovak lignite 

was similar in moisture content and in physical structure to North Dakota lignite. 
Each Lurgi-Spulgas unit had a capacity of approximately 310 tons of lignite per day. 


Slightly more than 90 percent of the total low-temperature carbonization tar 
produced in Central Europe during World War II from briquetted brown coal and as- 
mined lignite was obtained from Lurgi- Spulgas retorts. The low-temperature tar was 

almost exclusively used as feed stock for hydrogenation plants. 


Properties of Low-Temperature Lignite Tars 


The temperature of carbonization influences the characteristics of tar and 
light oil produced from coal. True primary tars (24) are produced by techniques 
in which the tar vapors are swept from the carbonizing chamber without secondary 
thermal decomposition. Primary tars generally have low specific gravity, ranging 
from 0.95 to 1.05 at 25°C. High-temperature tars have a higher specific gravity 
of 1.15 to 1.25 at 25°C. and are relatively dark. Low-temperature tar differs 
essentially in composition from high-temperature tar. The composition is not well 
known. It contains few simple aromatic substances; complex tar acids and hydro- 
aromatic and aliphatic substances are present. The majority of the aromatic com- 
pounds present in ordinary high-temperature tar are formed by pyrolysis during 
carbonization (16, p. 384). 


Properties of typical low-temperature tars obtained by fluidized carboniza- 
tion of lignite and subbituminous coals are compared with those from high-tempera- 
ture carbonization of bituminous coals in table 28 (24). 


Low-temperature tar obtained from lignite and subbituminous coals is charac- 
terized by a high concentration of tar acids, by lower yield of residue when dis- 
tilled to equal temperature, and by absence of naphthalene, which is a product of 
rearrangement of the constituents of primary tar as a result of high temperatures. 


The distribution of tar acids in tar obtained by fluidized carbonization of 
lignite and subbituminous coals is shown in table 29 (24). 


Concentration of the commercially more desirable lower boiling acids is low. 
If lower boiling tar acids are desired, the high-boiling tar acids must be cracked. 
Development of catalytic cracking processes ig now being attempted. 


The method of distilling low-temperature -carbonization tars influences the 
relative yields of liquid distillate and solid residue. In industrial tar proc- 
essing, tube-still distillation produces more liquid distillate and less pitch 
and fixed gas than conventional pot-still distillation. In the laboratory, dis- 
tillation at reduced pressure increases the tar-distillate fraction boiling above 
270° C. over and above that obtained by distillation at atmospheric pressure, with 
a simultaneous reduction of yield of solid residue. Since liquid products are, 
in general, more valuable than the solid pitch, careful consideration should be 
given to proper selection of the distillation processes to realize the high possi- 
ble credit from the tar, 
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TABLE 28. - Properties of typical low-temperature tar obtained by fluidized 
carbonization of lignite and subbituminous coal compared with 
properties of byproduct tar from coke ovens 


Carbonization process 
Specific gravity of dry tar...60° /60~ 
Benzene insoluble.......e.ees. percent 
Ash in GYy tars. scsecesececes do. 
Solidifying “point s.se0sses<cecsia “Cs 
Maximum dist. temp. .cwcccccsecee AO,z 

Distillate analysis, vol.%dry tar: 
02170" Cie wanrbanwess Mee eeseeees 
170-3200 Cs wadcaswanceuusen ses 
200? 210°C =: oie wsrceneceate wanes 
BIO? 235°C %, nwa duswecsucsowe cease 
PAD = 270 Cc. Setseoesseesseuekes 
2707 send) POINt s ssedvaniwetse seein 

Total distillate ....ccccsces 
Pitch residue and lOSS...cccrcecceces 
Tar acids...sscesseeeee.VOl, % Ary tar 
Tar DASEB, ..cccccccecce do. 
Neutral Oil... csccccece do. 
Naphthalene in 170° - 235°. 

fraction....ese.e+.ee.VOl. & dry tar 

Composition of neutral oil, vol. % 
dry tar: 
OLOTIDB: sisi 6 oes see eectew teases 
BPOMBGT CBee 605635 sky aoe ee toe vee 
Paraffins .csececsccccsccerccvcces 
Pitch residue: 

Melting point....cube in air....%. 

Melting point...ring and ball...do. 

Specific gravity. ..cecsees. 25° /5° 


Internally heated retort, Koppers coke 
oven (average 
1.150 
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1/ Rhodes, E. D., Chapter in Chemistry of Coal Utilization: Vol. II, John Wiley 


& Sons, 1945, pp. 1287-1325. 


TABLE 29. - Distribution of tar acids in primary tars 


Boiling Volume percent of | Volume percent 
Tar acids range, °C. | tar-acid fraction | of total tar 


PHENOL } das 6b: saa ere-oreaseew eee wes 
OC YO 60 Las oss 16 Wee es eeeesee 
M- ANd P-cTeESOL...ccccccceces 
Isomeric xylenols...ccccccces 
High boiling acids... .c.csseee 
Acid residue, ...csccccscrcese 


When lignite and subbituminous coal tars were subjected to atmospheric or 
vacuum distillation in the laboratory, it was noted that lignites produced the 
greater quantity of distillate rich in high-boiling fractions; the effect was more 
pronounced in the distillate produced by distillation under reduced pressure. 

Tar from subbituminous coals showed a greater spread of the distillation products 


by the two distillation techniques. 


Google 


62 


Preliminary characterization data on properties of lignite tar obtained from 
Texas and North Dakota lignite by the fluidized, entrained technique are given in 
table 30. It may be noted that the temperature of carbonization was 900° F. for 
attrital Sandow lignite, whereas it was 840° F. for woody garrison lignite. Both 
temperature and different petrographic composition may contribute to the different 
characteristics of the tars. Decomposition temperature of the Garrison tar is dis- 
tinctly lower than that of Sandow lignite, which accounts for the lower yield of 
distillate. The concentration of tar acids is appreciably higher for the woody 
Garrison lignite than for Sandow lignite. 


No analyses are available for the light oil that can be extracted from the 
gas in fluidized carbonization. Properties of light-oil extracted from the gas of 
a Lurgi- Spulgas retort processing German brown coal briquets are given in table 31 


(30, p. 289) 


Our present knowledge of the properties and potential uses of low-temperature 
lignite tar is of rudimentary nature because work on this subject is limited. Ex- 
tensive work on chemical composition, products obtainable, and potential uses, which 
is now being carried out at various laboratories, should permit more accurate esti- 
mation of credits obtainable. 


Uses for Products From Low-Temperature Carbonization of Lignite 


The chief products from low-temperature carbonization of lignite are char, tar 
and light oil, and gas. Char is the most important product on a weight basis, "being 
approximately "ys to 50 percent of the lignite as mined, The char contains about 80 
percent of the original heating value of the lignite when external heating or in- 
ternal heating by inert gases is used. Partial internal heating by introducing air 
with the lignite reduces this figure to 73 to 75 percent. 


Because the yield of tar and light oil from North Dakota lignite is only about 
4 to 6 percent of the weight of the lignite as mined, only processes that consume 
large quantities of char can make tar available in quantities sufficient for proc- 
essing it for maximum realization, 


The most logical large-scale outlet for char is utilization as boiler fuel for 
large power plants or industries that consume large quantities of process steam. 
To make utilization of char as a boiler fuel attractive, the cost per million 
B.t.u. at the point of consumption mist be equal to or less than that of competitive 
industrial fuels. Where the power plant is close to the mine, char must compete 
with as-mined lignite. Since the char contains only 80 percent of the heating value 
of the lignite, more lignite is initially required to make available equal amounts 
of B,t.u. than would be necessary when raw lignite is fired directly. One million 
B.t.u. is equivalent to 143 pounds of as-mined lignite or to 91 pounds of char when 
the heating values are 7,000 B.t.u. per pound and 11,000 B.t.u. per pound, respect- 
ively. Since the yield of char is approximately 50 percent of the weight of the 
lignite, 182 pounds of raw lignite is required to produce the amount of char equiv- 
alent to 1 million B.t.u. Tar credit must pay for the cost of carbonization and for 
the additional raw-material requirement. 


An additional small credit will be obtainable at the boiler plant when char 


is used because of the reduced tonnage of fuel to be handled and the increased 
efficiency of the boiler furnaces. 


Google 


63 


TABLE 30. 


Carbonization run NO, cececccsccsevcccee 11 

COBL. wc ccccccccrncecescceccveccscvscvcene Sandow, Tex. Garrison, N. Dak. 

Temp. Of carbonization. .ccccccserere Fe 900 8ho 

Spec. gravity of dry tar........ 60° 60° 1.062 1,054 

Benzene-insoluble in dry tar.....percent 8.1 
TAtmosl/ | Vacuuml/ | Atmosl/| Vacuuml/ 


Maximum dist. temp. or initial decomp. 
temp. of dry tar2/ ...scssyececeee Ue 
Decomp. temp. of distillates) oc ccs: do. 

Distillate to decomp. temp., vol. % of 
GIy COS s.ss6 osses awe 08500 06 bee e owas 
Distillate analysis, vol. % of dry- 
solids-free tar:4/ 
NG: 1/0" Cx. siesine vaeaen sarceuuewes ses 
170: 200 - Cw ceeecie tess ancceeues 
200° - 210° Cz eeeoevvseveseoeevnevaevevoeeneene 
210° - 235° C. CROKE OCT ELEC SE COT BEC Le 
235° - 270° Cc. Cosceeevarseaenseeeeen 
270° - decomposition. .ccrcccccccccses 
ReSidue and 1OSS..sccccsscsccccscsscecces 
Composition of distillate, vol. 
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free tar: 
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Composition of neutral oil, vol. %: 
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APOMAt 1 CB ica taxtadicewstoseseses seen’ 
Paeratt 108 6:5 66.6506e aie ae SRS SO ek Sees 
Distillate yield, vol. % of dry-solids- 
free tar: 
OlSt ING 4.6:s:s-s'w. keweeeowew ee ewes teeees 
ATOMBUICS 6.6 655606 W60A SMCS 2 ENS R 
PATOL ING 44.66 66.664: ws 60 O5460e Sree 
Pitch residue, melting point: 
Cube 1n61F sdisesese wees ccacesies Cs 
Ring end. Dalle iissiieewss takes GOs 
Specific gravity ..ccecccccccse 25° /24° 
1/ Atmospheric distillation at 620 mm.; vacuum distillation at 40 m. absolute. 
Indicated vapor temp. at decomp. point in first distillation separation. 
ry Second distillation (Hempel) made at 620 mm. on both type distillates. 
2 


28.1 
1.3 
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By Hempel distillation, 
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TABLE 31. - Properties of light oil from German 
brown-coal briquets 


Specific gravity at. 20° Ci. ckk osc ed cesses eeeenes 

Tar BCLIdB se ccsveesences ceWOlENht sovcocevscccscee Porcent 

Distillate analysis (Engler), vol. %: 
To 6 er Cree rere Ce eee Tee ee er ee ee ee 
60° = 80° Cc. eeevseevevneseevnevneseveeneeerenseeeees 
80° =- 100° c. CHHCHSHEHTHSCOC CEE HEOTEHHAOSOHE OREO OLEOEE 
100° - 120° Cis o.Ste wieie as eS 6 06-0 656 Se wiaeseseeeS sess 
120° - 1h0? wer rey Tee eee eee Ee CE eC eee Cee 
140° - 160° C. Ceoeecececesceeeeeneeseseeeseneeneoes 
160° - 180° C. CEOCHCHCH OREO SOHO LECH CHCEECSOEHOECO CEO BE 
180° - 200° Cc. CHEST OHHSSOCCECOO HCE HOCH CE ROO HELE EE® 
200° - 220° C. CHHCC HH HCCH SHES EHO HOR EHOEEL OE EEOLOLE 


Composition of tar acids, wt. %: 


© 
5S & 
o WN 
— j— 


0 O~] A 
SSassb sear 
HO DVNIU- OW & 


PHEVIO 15:2 55 eww aewinw ends Wie Bho W546 OS bees 32.0 
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Where char is to be shipped, the question of freight charges enters the pic- 
ture because of reduced tonnage on an equal B.t.u. basis. However, freight rates 
applying to char would first have to be known before any shipping advantage can be 
finally evaluated. Special handling to avoid spontaneous ignition would also have 
to be considered. 


Large-scale cOnsgumption of char in form of briquets for domestic fuel use does 
not seem promising in the light of declining utilization of solid fuels for domes- 
tic heating under present conditions. 


Other potential applications for lignite char are the manufacture of elec- 
trodes and the production of calcium carbide; the latter requires cheap power and 
availability of limestone. Because of its high reactivity, lignite char should be 
an efficient agent for reducing ores in processes not requiring a physically coher- 
ent coke. It might be used for partial reduction of nonmagnetic taconite as the 
first step of the magnetic concentration. 


Char from brown coal, which is somewhat similar to that from lignite, has 
been extensively used in Germany to produce synthesis gas and hydrogen. Possible 
utilization of lignite char is more a question of cost than of quality. Therefore, 
the future development of low-temperature carbonization of lignite depends to a 
large extent on profitable use of byproducts, chiefly the tar. 


Lignite tar is a suitable source material for manufacturing aromatic hydro- 
carbons and liquid fuels by the hydrogenation process. Hydrogenation of tar is 
Simpler and requires less hydrogen than direct hydrogenation of coal. Tar acids 
recovered from processing low-temperature tar are suitable wood preservatives 
(25) . If the more valuable lower boiling tar acids are desired, the high-boiling 
acids must be catalytically cracked. These acids have been used in lacquers and 
plastics in Germany (28, p. 37). 


The gas produced in intemally heated, low-temperature-carbonization proc- 
esses is commonly consumed in the process itself, which seems to be the most 
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desirable utilization, Because of its low heating value, pipeline transportation 
would be uneconomical. Heating value of carbonization gas from internally heated 
processes approaches that of producer gas. 


14, 
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3. GASIFICATION 


Two types of gasification products will be discussed in this section, synthesis 
gas and producer gas. Producer gas is produced by blowing air through a solid fuel 
bed with or without the addition of steam. It results in a low-heating-value, in- 
expensive gas with a high percentage of nitrogen. The production of synthesis gas 
requires more expensive methods to satisfy the heat demand of the endothermic reac- 
tion of the carbon of the fuel with steam because dilution of the process gas with 
nitrogen is undesirable. Oxygen may be introduced to supply the required heat in- 
ternally by burning a portion of the fuel. Alternatively heat may be transferred 
through externally heated walls of the reactor, or a cyclic process with separate 
periods of heating and gasification may be used, such as the conventional water-gas 
set. The usable constituents of synthesis gas, for most applications, are carbon 
monoxide and hydrogen. 


Synthesis Gas 


Although the preparation and use of cartain types of synthesis gas are not new, 
developments of the last few years have markedly increased the interest in new gasi- 
fication methods (27) 2 In modern gasification processes, use of "tonnage oxygen" 
to secure the heat necessary for the process by partial combustion of the solid fuel 
and use of high pressures have considerably altered gasification techniques. These, 
together with fuel preparation and other variations, have given rise to a number of 
types of gasification processes, Some of these gasification processes were origin- 
ated in Europe and have received further development work in the United States. 

This work and the processes originated by organizations in the United States will be 
described in this section of the report, and the European work will be covered in 
part l. 


Representative processes and variations in operation are presented in table 32. 


TABLE 32. - Modern synthesis-gas processes 


Size of Heat supply for cons mption by gasification process 
fuel pressure | Internal heating  { External heating 
Preneoted 
With onsen With onsen recirculating 
rases Didier-Bubiag 


Atmospheric] Thyssen-Galoczy Pintsch-Hillebrand | Bureau of Mines, 


Coarse Leuna slagging Grand Forks, 
nut N. Dak. 
size Freiberger 
or Elevated 
briquet tells ae Lurgi 
Atmospheric Winkler Schmalfeldt- Battelle process 
Bureau of Mines, Wintershall 
Morgantown, W.Va. 
DuPont-Babcock and 
Wilcox 
Smell Koppers 
ses Coal Syndicate 


Elevated Texas Co. process 
re pressure Bureau of Mines, 
Morgantown, W.Va. 


1/ Underlined numbers in parentheses refer to citations in the bibliography at the 
end of this section. 


Google 


68 


It would be impossible to cover each of the processes in detail; however, the 
following discussion presents a short description of the main types and pertinent 
operating data. 


Externally Heated Annular Retort, Bureau of Mines, Grand Forks, N. Dak. 


The Bureau of Mines at Grand Forks, N. Dak., has been experimenting with an ex- 
ternally heated retort for gasification of lump lignite at atmospheric pressure. A 
diagram of this: retort is shown in figure 19. This unit, which has been developed 
as a commercial-scale pilot plant, consists basically of two concentric steel cylin- 
ders separated by a 3-inch annular space. The outer steel cylinder of 310 alloy 
composition is 4 Peet i.d., 20 feet 6 inches long. Approximately 17 feet of its 
length is heated by a surrounding cylindrical furnace. The furnace consists of a 
combustion space 7 inches wide, with 18-inch thickness of brick refractory outer 
wall. Burners are set tangentially in this wall around the tube at three levels 
to secure temperature control over the length of the tube. 


Lignite 1-1/2 by 3/8-inch in size is fed to the charging dome at the top of the 
retort using a rotary feeder, to maintain the charging dome partly full. The lig- 
nite descends slowly by gravity through the annular space between the two cylinders, 
where the gasification takes place. A residue consisting of ash and char is removed 
continuously from the bottom of the retort. The lignite feed rate is controlled, at 
a given gasification rate, by adjusting the rate of residue removal, The product 
gas flows from the annulus into the center of the inner tube through the gas offtake. 
This offtake is located, depending upon the type of inner tube in use, at either the 
bottom of the annulus or at a point approximately one-third of the tube length from 
the bottom. The gas leaves at the top of the retort and enters the scrubbing systen. 
Using the full-length annulus design, where the gas offtake is near the bottom, 
steam is admitted only with the lignite feed. With the divided annulus arrangement, 
steam is added both to the upper and lower reaction zones. In the full-length 
annulus design, saturated steam is introduced at the top of the annular space 
through a jacket surrounding the gas offtake pipe. The lignite is dried in the 
upper portion of the unit by heat from the outer wall, and the additional steam gen- 
erated also enters into the process. As the temperature of the lignite increases, 
tars and light oils distill. These are cracked and undergo reaction with the steam 
at lower levels. Gas formed by this reaction and by the reaction of the steam with 
the solid carbon of the lignite is withdrawn through the inner steel cylinder. A 
portion of the sensible heat of the gas is transferred to the lignite, especially at 
the higher levels, through the inner cylinder wall. 


In the experimental work a portion of the product gas is used for heating the 
retort. Air, preheated in a heat exchanger, is mixed with the gas at the flame noz- 
zle, and some of the products of combustion are recycled with this air to reduce the 
flame temperature, lengthen the flame travel, and provide a greater bulk of gases. 


The 310 alloy steel tube has given satisfactory service, and only negligible 
corrosion and minor deformation of the tube have resulted from 4,740 hours at high 
temperature. Plant operation has been stable with no major difficulties. Runs 
normally were made continuously for 1 month and terminated only because the program 
of the tests had been completed. 
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Figure 19. - Bureau of Mines externally heated 


gasifier, Grand Forks, N. Dak. 
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Data from the operation of the pilot plant are presented in table 33. Addi- 
tional information on this plant is available in several publications (7, 8, ll, 12, 
23; 2h, 25). It will be noted that the capacity of the generator is increased when 
steam-dried lignite is used. This is the result of reducing the length of the annu- 
lar space required for drying the fuel and consequent increase in the heat available 
for gasification. Although a variety of gas ratios may be made in this unit, the 
most practical operation is secured at the H5:CO ratio of 2.0, the lowest ratio 
readily obtainable, 


TABLE 33. - ical results with externally heated retort 
Bureau of Mines, Grand Forks, N. Dak. 
Natural | Natural | Steam-dried 
Dakota Dakota Dakota 
Lignite gasified Star Star Star 
Run: ONG POLLO” é é.iaskcaes aie tie swiewe-oewe es eb teed e0eewe 12-D 
Combustion space temp. ..cccccccccesccccccccccce le 
wert Teer ee Tere eT ee ee ee ee eT ee 1,926 
Mer errrr re re ree Ter ee Te ee ee ee 1,850 
Pee eee eee eee ee eee eee ee eee ee eee eee ee 1,690 
Terr ere CRE CCC CREE Te eee 1,597 
Lignite feed rate......cccceccccccccecccee Lb. /hr. 489 
Moisture and ash free lignite... .cccccceeeee edO. 392 
Steam addition: 
A. Available from lignite moisture + H50 of 
fPormation....csecccccccccccceee lb. /hr, 158 
B. Fed to top of annular reaction space 
err eres See ee ee eee ere soba O57 
C. Fed to bottom of annular reaction space 
Oe ee ee ee re ree oy gob oar 198 
D. Total steam available: 
ey herere er ee Te rs re eee eee ee ee 613 
Lb. /lb. MAF Lignite.....ccccccccscccces 1.56 
Undecomposed steam.....cccccecccccovesceccelb./hr, 208 
Decomposed steam: 
TD a PY esiararebcar oracd levee Re ave diw'b vb ae wlele sia ep ani 405 
Percent of total steam available... ..cccscece 56.7 66.0 
Product gas: 
MStd's Cc ft Os ir vieuwinexewseceueu vases oobaies 10 .6 16.4 
Std. cu. ft./lb. MAF lignite... ..... ccc cee ee 53.8 41.7 
Product (Ho + CO): 
M Std ecules fb /brscas cian ag eeswieawntaveuses 7.7 13.4 
Std. cu. ft./lb. MAF lignite... ..cccccccccees 39.1 34.2 
Carbon gasified.. cc ccccccvcccccccccccccece percent 86 .6 76.0 
Heat used....... net B.t.u./cu. ft. of product gas 119 98 
Product gas for heating........percent of gas made 53.8 37.9 
Product gas composition, percent: 
COD sie bitdai eens etuae hen seensian teteeue aeons’ 2h 1 14.6 
TL LUMI NaNCS 5 6 vik a apiseiwiaca 4 sGteie Wo 0x0-0 64s 6 eiee aes 0.1 0.0 
CO ious -5ie ow aie 'w1e.16. 0) & Ge aera 6 wth web clare aye aera h wane 11.0 oh 9 
: CS i ee ee 61.7 57 0 
CA i. ave leave Sosiaie. eee eutie were e6 S006 wa CCS S eee eee 2.3 2.9 
ae i ce NAR Ea 0.3 O.1 
eee ee eee TOL ee eee eee Te 0.5 0.5 
Ha /COVPAtAG sci cicea citineu se seeeemaaueateones 5.59 2.29 
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Table 34 (7D) presents data covering heat transfer through the metal wall of the 
retort. 


TABLE 34, - Heat-transfer and operating data, externally heated retort, 


Bureau of Mines, Grand Forks, N. Dak. 


Overall heat transfer through retort tupels 
Ranga High? 
11-G/| 11-Kj 11-L] 11-C| 11-M; 13-M/ 12-A] 12-C] 12-D 


Run and perlodie< sii6s sewer ae 


Heat transfer. wcccccacscccces 

wecceecce Btu. /sq.ft./hr. 
H>/CO ratio Of ga8......eeee. 
Lignite feed rate.....lb./hr. 
Carbon gasified...... percent 
Product gas.....M cu. ft./hr. 


1/ Files; Bureau of Mines, Grand Forks, N. Dak. 
2/ Experiments made with steam-dried lignite. 


2,100] 2, 300 |2, 300 | 3, 200 | 3, 300} 3,200] 4,400] 4, 300] 4,200 
1.85] 2.30] 2.29 


14.0] 14.6] 16.4 


Representative analyses of Dakota Star lignite charged to gasifier 


Natural lignite Steam-dried lignite 

Analysis, percent As received Moisture free As received Moisture free 
Proximate: 

Moisture 34.2 13.3 

Volatile matter 28.5 43.3 38.3 44 2 

Fixed carbon 30.5 46 .3 41.3 47.7 

Ash 6.8 10 .4 (ene 8.1 
Ultimate: 

Hydrogen 6.7 4.3 5.8 4.3 

Carbon h2 .6 64 .8 56.7 65.7 

Nitrogen 6 9 sal 9 

Oxygen he 18.3 28.6 19.6 

Sulfur AS) 1.3 1.2 1.4 

Ash 6.8 10.4 7.0 8.1 
B.t.u./lb. 7,160 10 ,880 9,570 11,030 


Externally Heated Retort for Pulverized Coal, 
Battelle Memorial Institute 


Experimental work utilizing external heating with pulverized lignite has been 
completed at the Battelle Memorial Institute at Columbus, Ohio (16). 


In this process, gasification was carried out in a vertical steel reaction tube, 
which was heated over the greater part of its length by a surrounding gas-heated 
furnace. The pulverized coal was fed at the top of this reaction tube, and the 
products of gasification were withdrawn from the bottom. Two reactor tubes were 
used at different times during the experiments - one a 5-inch-i.d. tube of 25-12 
chromium-nickel alloy, and the other a 8.25-inch-i.d. tube of 25-12 chromium-nickel 
alloy. Both tubes were 11 feet long and were heated over a length of approximately 
9 feet. Pulverized coal was fed from a rotary table feeder through an adapter in- 
corporating a venturi section, steam being admitted at the venturi throat. 
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Gasification occurred along the tube length, and the solids entrained in the gas 
stream were removed by gas baffles in the ash receiver. The gases then were 
scrubbed. 


The lignite utilized in the tests was subjected to some type of drying, and in 
the article (16) it was stated that the gasification characteristics were affected 
appreciably by the drying methods. Activity of lignite dried at 220° F., as deter- 
mined in terms of a calculated gasification constant, was over 25 percent less than 
for lignite dried in air at 100° F., or for steam-dried lignite. 


Data covering the analysis of the fuel used and the results of the gasification 
are presented in table 35 (16). 


TABLE 35. - Operating data for the Battelle externally heated gasifier 


Ria NG s56:G2s-dsedue eis noe eases Watueaoauyweeeaies 39 45 hg 
Tube diameters o0s5eS se kcosecGusSenseeeewencl ba 0.407 0.687 0.687 
Tube temperature. .ccccccceccccccccccccecccce te 2,098 2,047 2,025 
Lignite feed rate...ccceccceccccccccese Lb. /hr, 16.0 21.8 49 Jk 
Steam PACE. % cudwiscsc seeeso ca sew edonaeeeses eedos 21.6 26.0 50.2 
EXceSS BtEAM..cccccccccccvcccccccccccccs percent 58 39 18 


Gas produced...ee. @eeese@eeceoeoeeweesveseeeeevaeevevaseeveeeene 


weccccceee cu, ft./hr, at standard conditions 552 793 1,264 
Gas composition, percent; 

COL re eer Tre Terre REE ETE Ee ee 9.4 7.8 10.8 

OD ec aiwiaw.b01 a 660.65 WES Owe Sao Se eee eRe 159 of af 

CO sis ica ciere ee Sir aaiaatereceeatae ware Gale ear are ee 31.5 33.8 29.3 

CHliincriarawaneeala sea eas eae aw sea eee uae us 3.2 3.7 54 

Hy eseccecccccccscccccccsccccvesecseescesess 50.2 49 6 48.9 

Nao ah wiceraicls aeueedeueuweteniaenmnaies 4.2 hd 4.9 

Gross heating value....eseeseeeee B.t.u./cu.ft. 297 308 308 

Gas temperature at tube exit.....ccccccccvcee Fe - - 1,602 


1/ Presumed to be present because of air leak in apparatus. 
Lignite analysis: Air-dried at 220° F. to 11.5 percent moisture 


Proximate analysis, percent: Ultimate analysis, percent: 
Moisture 11.5 Carbon 57.2 
Volatile matter 38.0 Hydrogen sya 
Fixed carbon 43.8 Oxygen 29.7 
Ash 6.7 Nitrogen 9 

Sulfur ot 
Ash 6.7 
Total 100 .0 Total 100 .O 


Heating value, B.t.u./lb. 9,540 


The heat transfer of the Battelle externally heated unit has been calculated 
from the data presented in table 35. It appears that the heat-transfer rates at- 
tained with the Battelle gasifier are comparable, with a maximum of 4,500 B.t.u. 
and a minimum of 3,200 B.t.u. per square foot per hour, to those attained with the 
Grand Forks externally heated retort. 
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For translation of this process to a commercial scale, it was proposed that a 
number of tubes of approximately the same diameter and 27 feet long be placed in a 
common furnace heated by pulverized fuel. However, the calculations made regarding 
the practicability of the process resulted in the conclusion that the investment 
cost would be unfavorable, and no further studies were made. 


Koppers Pulverized-Fuel Process 


The Koppers pulverized-fuel process was originated in Germany on the pilot- 
plant scale but had not been used commercially before the end of World War II. 


A diagram of a typical Koppers unit is shown in figure 20 (21). 


Basically, the unit consists of two facing nozzles set at opposite ends of a 
generator. Oxygen and fuel are fed through the nozzles, and superheated steam 
enters around each nozzle. The two nozzle streams upon meeting cause turbulence, 
and fuel-0,-steam reaction is reasonably complete in the area between the nozzles. 
The remainder of the reaction occurs in the vertical cylinder leading to the gas 
outlet above the unit. The larger ash particles, not carried off by the gas strean, 
fall into ash collectors at the bottom of the reactor. 


A unit built for experimental work at Louisiana, Mo., (3, 4) has a generator 
space 6-1/2 feet 1.d. and 9 feet long. Considerable mechanical difficulty has been 
encountered in operating this particular unit, as well as difficulty in reaching 
the anticipated operating efficiency. Although the unit was not operated on lig- 
nite, some data are presented in table 36 (19) on a low-rank coal from Rock Springs, 
Wyo. 


Bureau of Mines Atmospheric-Pressure Gasifier, Morgantown, W. Va. 


The atmospheric-pressure gasifier at Morgantown, designed and built in coopera- 
tion with the Babcock & Wilcox Co., was completed in 1951. Information regarding 
this unit is available in several Bureau of Mines reports (5, 6, 29). Several changes 
in design have been made in the course of experimental work. The most recent ar- 
rangement is shown in figure 21. The gasifier is.a vertical, cylindrical colum 
lined with refractory materials. It is divided by restricting refractory material 
into two zones, with the primary reaction zone at the bottom and the secondary re- 
action zone above. The refractory lining in the primary zone is protected by 
cooling coils, which also are used to support the upper brickwork at the point of 
restriction. Pulverized coal, preheated to about 325° F. in a steam-coil heater, 
is intimately mixed with oxygen and steam in a reactant injection nozzle to secure 
turbulence. These nozzles are placed to direct the coal, oxygen, and steam into the 
reaction chamber at an angle 32° from the vertical and tangential to a circle of 12 
inches diameter. A small percentage of the gas made 10 to 15 percent passes down- 
ward through the slag throat and insures a flow of slag. Approximately 40 percent 
of the coal ash is removed as slag and contains little or no carbon. 


The major portion of the product gas is removed at the top, after passing 
through the secondary reaction and gas-cooling zones. The remainder of the ash is 
entrained with this gas as a finely divided residue containing approximately 60 per- 
cent carbon. Although this unit has been described as a slagging type, it also has 
been operated satisfactorily under nonslagging conditions. The carbon accompanying 
the ash has not caused difficulty, and no deposits formed on the cooling surfaces. 


Google 


Th 


(fsj83way 9) bursaourbuq puo powujenpuy fo uoreiwsad hg) 
*¢ UOIIES UI (72) @2uU0s9j01 86g °101j1SDBH Dyeydsouyo peziseAjnd sueddoy - *Q7 ounbiy 


say If Of vor1JauUeD 


SOLIB/IOI OSNJIL —— 1 | ! | mm JOYIO/JOP ASNYJIY 
WOISS M 
sal 


tir ye WOAS 


+, Sabo YW 
IN GY AEE 
vabAro ag | piel Scnomescmna & _— 
GZ eG Hy 


— = smmems |0\ | uabAxOE 
[NINN RSA LT 
[Se 
1} Mocdi—a  fe- 3 
wl: 7 Qy N IN (ih 
¢ | ye N ES | i 
pf Siuodt VA 
YONOAIISGO { 
addou 10 0 9/410 $09 | 
J Y /ONnj WOLF soyo0f OF —  saddoy sans woss 


vosjIaUuUO]D 


Google 


1) 


TABLE 36. - Typical performance data for Koppers gasifier, 


Bureau of Mines, Louisiana, Mo. 


Rock Spr s8, Wyo., coal (typical analysis given below 


Steam PEM PO PA CULS oils see's ierdco wie savor eee pree sb a orersioes ae EO ea 1,700 
Gasification DOMPE FA CULC 655.6: 6 6 6 os Ss Se ws Sie ose 4 ew hs oases OOs 2,480 


Feed rates: 


Raw COG) eo oi5d. 65 os ds 2s Clad 060. Slee & SS we We hee ee 1b. /hr. 2,297 
Oxygen - 95% PUTS weer ccccesecececccseveece std. Cu. ft./hr. 21,600 
SCO Sie as o.c0 ae SR ie Sea Re a ee KRESS lb. /hr. 1,800 
Oxygen (100%) to dry coal ratio,....... std. cu. ft./lb. 9.0 
Steam to dry coal TOG 1 O ses oe hiss Se bso Baw aloe oS SS lb. /lb. 0.8 
Steam GE COMPOSE sie) w.66,5 6:00 6 SW.e S060 46 SOE Oe percent 6 

Products: 
Total TOS wvewcccccccccccacesevsccesscces std. Cu. ft./hr. 12,500 
(Ho + CO) avd ors lo vaese to aad shee ORs SON ORR SEER do. 59, 2ho 
Dry COAL. ..cececcecccoeees 1D./M std, cu. ft. of (Hot+CO) 38.8 
OXYEZEN.ccccccsces std. cu. ft. /M std. cu. ft. of (Ho+CO) 349 
Steam. ssceccescccecccccees 1D./M std. cu. ft. af (Ho+CO) 30 4 
Carbon ROS III 6d obs £6.6.5054406 50466560 ON See las eens percent 83 4 

ypical analysis of Rock Springs, Wyo., coal (moisture-free basis 
Proximate, percent Ultimate, percent 


matter Fixed carbon| Ash | Hydrog Carbon | Nitrogen | Oxyeg Sulfur B.t.u. 
ye | 51.8 [6.6] 4.8 | 72.8 | 1.5 | 13.2 | 1.1 | 12,960 


Approximate moisture of raw coal, 10 to 14+ weight-percent. 


Recent data on operation of the Morgantown, W. Va., atmospheric gasifier charg- 
ing a subbituminous C coal from Lake De Smet, Wyo., are shown in table 37. This 
coal is the lowest-rank coal gasified to date in the Morgantown unit and is only 
slightly higher in rank than lignite. 


Recent announcements (10, 22) have reported that the Du Pont Corp., in coopera- 
tion with Babcock & Wilcox, has developed a very large pilot plant for the produc- 
tion of synthesis gas at their Belle, W. Va., works. It appears, from the informa- 
tion released, that many of its features parallel the design of the Morgantown, 

W. Va., atmospheric gasifier. 


Google 


SVS SNVAW 


ee: 
SPRAY WASHER 


SP RAY 
WATER 


000000000 
© 000000050 


REFRACTORY 
LINING 
Ee 
COOLING 
WATER 


=< —— «eer _ iS = ” es 
2 ss 
i te 2 5 


76 


Figure 21. - Bureau of Mines pulverized atmospheric gasifier, Morgantown, W. Va. 
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Bureau of Mines Pressure Gasifier, Morgantown, W. Va. 


A pressure gasifier operating on powdered coal at 30 atmospheres pressure has 
been developed at the Morgantown, W. Va., station of the Bureau of Mines, A sketch 
of the gasification wit is shown in figure 22. In this process coal is pulverized 
to 70 percent through a 200-mesh screen. It is conveyed by a fluidized coal feeder 
to the gasifier. The gasifier has an overall length of 12 feet and is 30 inches 
i.d. A water coil is used to cool the outside metal walls of the pressure vessel 
over most of the length of the gasifier. The gasification section, which occupies 
the upper 3 feet 10 inches of the vertical cylinder, is refractory lined. This 
section is 8 inches i1.d. Below the gasification section a spray ring is installed 
through which pass the products of gasification, and the bottom of the unit forms a 
water-filled slag pot. Steam for the unit is heated to 1,000° F. before being in- 
jected, but the oxygen is not preheated. Coal, steam, and oxygen are mixed in a 
special burner, which creates a high degree of turbulence in the entering reactants. 
This nozzle is set axially at the top of the gasifier tube. The gasification prod- 
ucts and the slag formed flow down out of the gasification section and pass through 
the water spray ring. Gas is withdrawn just below this ring, and the slag, broken 
into fragments by water quenching, falls into the slag pot. 


Development on this unit has been described in various publications (3, 5, 6, 
19, 30). After certain operating difficulties in the original equipment have been 
solved, the general operation has proceeded smoothly. In a recent report (30) it 
was stated that the expected heat loss through the gasifier wall will be low in 
commercial-scale models because of the reduced surface-to-volume ratio in larger 
units. Thus it might be possible to use water-cooled refractory walls or possibly 
bare water-cooled interior walls. Such a procedure would be attractive economically 


with respect to cost of maintenance of these surfaces. 


In table 38 operating data are presented for the Morgantown, W. Va., pressure 
gasifier in comparison with the atmospheric-pressure gasifier at the same station, 
The effect of pressure on the gasification process within the range 100-450 p.s.i.g. 
is shown, 


Lurgi Pressure-Gasification Process 


In the Lurgi process, the use of high pressure and oxygen are combined with a 
fixed bed of lump fuel and dry removal of the ash. This is one of the oldest satis- 
factory synthesis-gas producers in operation today. Commercial-size units have been 
installed in Germany since 1936. 


The standard Lurgi generator, as installed in Germany, was approximately 22.3 
feet tall, 10 feet o.d., and 9 feet i1.d. Sketch of a typical Lurgi unit is pre- 
sented in figure 23 (21). The outer shell was water cooled with a water jacket, and 
the inside wall was protected by a brick lining down to within 3 feet of the rotat- 
ing grate, which supports the fuel bed. The lining was installed primarily to pre- 
vent generation of excessive amounts of steam in the jacket. The generator was 
operated at approximately 20 atmospheres pressure. Fuel was fed periodically to a 
coal lock hopper device from which the generator could be fed continuously. A gas 
disengaging space at the top of the generator was kept free of fuel with a skirt, 
which provided a base for a mechanical scraper to remove accumulations of pitch and 
carbon, 
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Figure 22, - Bureau of Mines pulverized pressure 
gasifier, Morgantown, W. Va. 
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Figure 23. - Lurgi fixed bed pressure gasifier. See reference (22) in section 3. 
(By permission of Industrial and Engineering Chemistry) 
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A rotating grate with attached plows was used to remove the ash from the fuel 
bed continuously and discharge it to an ash receiver below. Steam and oxygen were 
admitted through the hollow grate shaft into the reaction zone. Since the ash was 
removed dry, it was necessary to maintain a temperature below the ash-fusion temper- 
ature in the fuel bed. In the German plants the practice was to maintain the bed 
temperature below 2,100° F. The German brown coal being used had an ash-softening 
temperature of 2,400° to 2,7009 F. (21). 


Several things about the Lurgi unit are distinctive to the process. It is one 
of the few pressure units in which lump coal is utilized as a feed. In addition, 
the gas produced contains a reasonably large percentage of methane. This is not 
always an advantage; methane may be worthwhile to increase the gas heating value 
but is not desirable for most synthesis requirements; however, it is a definite ad- 
vantage if high-B.t.u. gas is desired for utility distribution. 


The Bureau of Mines has carried out some work at Pittsburgh on gasification of 
char from higher rank coals in a small experimental Lurgi generator, 13.5 inch i.d. 
(13). High gasmaking capacities were obtained in this unit, up to 7,250 cubic feet 
per square foot of grate area per hour, compared to rates in the range of 2,000 
cubic feet per square foot per hour in conventional German practice. Methane con- 
tent of the product gas was lower than in conventional German practice. It is 
suggested that methane content could be increased, if desired, by increasing bed 
height. The total height of the experimental generator was only 5.5 feet, versus 
22.3 feet total height for the conventional Lurgi wit. 


Typical operating data for gasification of char in the Bureau of Mines experi- 
mental unit are presented in table 39 (13). 


Texaco Pressure-Gasification Process 


In the Texas Co. coal-gasification pilot plant at Montebello, Calif., work has 
been in progress using a pulverized coal slurry for the base feed, oxygen for in- 
ternal heating, and pressure (15). A process flowsheet is shown in figure 2h, 


The fuel is prepared by grinding it in a wet mill and mixing it with water in 
@ conventional thickener to a ratio of 40 to 60 percent coal. This ratio depends 
on the particle size and density of the coal. From the thickener, the slurry is 
pumped through a heater under several hundred pounds pressure and raised to approx- 
imately 1,000°9 F. The heated mixture of steam and coal enters the top of the re- 
action chamber either axially or at a tangential angle near the top of the chamber. 
Oxygen, which may or may not be heated, enters the chamber near the feed nozzle but 
in such a manner as not to impinge upon the side of the reaction vessel. The amount 
of steam entering the process is regulated by installing a cyclone separator or 
settling drum after the preheater and withdrawing any excess. The temperature 
within the vertical cylindrical reactor is sufficient to liquefy the ash. The molten 
ash flows through a restricted opening below the reactor and falls into a reservoir 
of cold water. The resultant thermal shock disintegrates the particles, and they 
are removed as a finely divided solid suspended in the water. The gas is run 
through a waste-heat boiler to recover the sensible heat. It is reported that the 
complete range of coals from lignite to anthracite has been used, with a percentage 
gasification up to 95 percent. However, up to the present, detailed data on opera- 
tion of this pilot plant have not been published, 
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General Discussion of Operating Features 


Before the individual gasification processes are summarized, it may be worth- 
while to point out that there are general advantages and disadvantages, which are 
true of the majority of the processes utilizing various operation design features. 
The following pages summarize the main advantages and disadvantages of these fea- 
tures without distinction as to any individual gasification process. It should be 
kept in mind that any specific advantage or disadvantage may not apply to a partic- 
ular process that falls in a group but generally is true of the group as a whole. 


Pulverized Coal 


1. Versatility. Gasification of pulverized coal, where the fuel is gasified 
while suspended, is more readily adaptable to both caking and noncaking coals than 
is gasification of lump fuel in fixed beds. 


2. Contact time. The contact time required in pulverized operation is nor- 
mally very short because of a large surface area available for reaction. 


3. Slurry operation. Pulverized coal in slurry has the distinct. advantage of 
simplifying the charging of the coal to the gasifier continuously while under higher 
pressures. Charging lump fuel against high pressure is more difficult. 


4. Cost of pulverizing. Gasification of coarse-size coals requires only the 
breaking and sizing of comparatively large fractions of the coal. Gasification of 
pulverized coal requires finely divided coal, which adds to gasification cost. 


5. Ash in gas. A larger percentage of the ash is carried by the gas stream in 
pulverized processes than in processes having coarse fuels in fixed beds. This con- 
plicates the problem of securing clean gases. 


6. Countercurrent versus concurrent flow. In most pulverized-coal gasifica- 
tion systems the gas and coal particle move concurrently. This has the effect of 
removing the particle from the reaction space after a very short contact time and, 
since the two move at approximately the same rate of speed, of reducing any scrub- 
bing action of the gas on the surface of the coal particle. Since the gas leaves 
the process at a high temperature in pulverized systems, the heat economy associated 
with countercurrent flow of product and reactants is not present inherently in this 
type of operation. In concurrent flow, the concentration of the reactants, carbon 
and steam, decreases continuously toward the gas outlet. For this reason complete 
conversion of the carbon may be difficult to achieve in units of economically feasi- 
ble size. 


7. Refractory service. When pulverized coal is used with internal heating, 
the high heat-release rates have created problems in maintaining the surrounding 
refractory walls. 

Pressure Gasification 


1. Capacity. Higher pressures increase the rate of throughput per unit volume 
while maintaining a high rate of gasification. 


2. Many of the synthesis uses to which the product gas can be put, such as the 


manufacture of synthetic fuels, require gas at elevated pressures, In this case, no 
further compression of the gas is required (18). 
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3. Scrubbing. For some purposes, it is possible in pressure operation to re- 
move enough of the attendant CO and H»S by water scrubbing. The following table 
lists gas composition before and after scrubbing at 20 atmospheres (20, p. 1631). 


Before After 

scrubb scrubb 
COn + HySeccecscccecvccesccce 30 .6 3.0 
TLD uminants o..ss660 6% 660600 00% 6 5 
tCorrrrererer rrr er reer ee ok: wa 
CO sss eee as sen lene eiewie. e vereiore ese 16.5 22.8 
Ha ccccccccvcccccecccccscccvecs 34.0 48.7 
CH. és 5absucersstseeensnse suns 16.3 22.6 
No ccccccveccccccccccccccccens 1.9 2.3 


4, Design. The use of pressure requires reaction vessels and piping of heavy 
construction. This complicates the design of pressure-gasification equipment. 


Internal and External Heating 


1. Heat availability. In an internally heated wit, intimate contact between 
the source of the heat and the reactants allows wniform and rapid assimilation of 
the heat. In the externally heated umit, the heat is supplied through a wall, which 
means that only a portion of the reactants are in direct contact with the heat 
source at any particular moment. Therefore, higher capacities per unit volume are 
possible with internal heating. 


2. Heat loss. Externally heated units are subject to heat loss from the can- 
paratively large exposed surfaces. In internally heated pulverized gasification, 
the advantage of low external losses is offset by the high temperatures of the 
product gas, which must be utilized to provide good thermal efficiencies, 


3. Heat source. External heating makes it possible to use cheaper fuels for 
heating in the form of producer gas, products of combustion, or other similar low- 
cost source of supply, since there is no contact of the heating gas and the product 
gas. In internal heating, a supply of reasonably pure oxygen is needed to eliminate 
nitrogen dilution. The cost of oxygen may be a significant item in the cost of gas 
produced by internal heating methods. 


4. Preheated gases or preheated steam. To avoid using oxygen, preheated gases 
and steam have been used for internal heating, This requires the use of either 
large volumes of gas or steam or very high temperatures that are difficult and ex- 
pensive to secure. 


The figures presented in table 40 indicate the relative oxygen and steam re- 
quirements for the various processes and the relative capacities of the wits. Not 
all of the gasification units were operating at maximum capacity at the time these 
tests were made, However, the figures are indicative of the order of magnitude and 
are useful for comparison. 
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Many of the data presented in table 40 have been based on the use of higher 
rank coals because of the lack of specific information on use of lignite in these 
particular processes. lLignite could be used in all the processes, however, and in 
some instances would have a considerable advantage. The noncoking, low-rank coals 
have a specific advantage for use in fixed-bed gasification, the process providing 
maximum heat economy and lowest oxygen requirement. For fixed-bed pressure gasifi- 
cation, pretreatment would be required before coals having even slight coking tend- 
ency could be used. In slagging processes, the relatively low ash fusion tempera- 
ture of North Dakota lignite would lower the operating-temperature level required 
to keep slag molten and reduce difficulties attendant on high-temperature operation. 
Data for fine-particle gasification of low-rank coal, close to lignite in rank, in- 
dicate that gasification capacities equal to or higher t those for higher rank 
coals can be obtained with comparable oxygen requirement. 


Steam Requirements 


As would be anticipated, the lowest steam requirements in pound per 1,000 cubic 
feet Ho + CO are realized in the pulverized, and particularly in the pulverized- 
plus-pressure gasification processes where steam requirements rum from 12 to 30 
pounds. The externally heated units run somewhat higher than this, at 30 to 45 
pounds, and the highest demands are made by the Lurgi process. In the Lurgi process, 
one of the main functions of the steam is to reduce the temperature of the fuel bed 
to maintain it below the fusion point of the ash. 


Oxygen Requirements 


In oxygen requirements, the reverse of steam consumption is true, with the 
Lurgi process using considerably less oxygen than any of the other processes employ- 
ing oxygen. Since the cost of the oxygen may be a large increment in the cost of 
the gas, this is a very important consideration. For example, the lack of oxygen 
requirements is an advantage of the externally heated retort. 


Capacities 


The capacity figures list a wide range of capacities per unit of reaction 
space, These may be grouped as follows: (1) Gasifiers without oxygen and at at- 
mospheric pressures, 150 to 300 cubic feet (H> + CO) per hour per cubic foot reac- 
tion space; (2) Lurgi gasifier with coarse fuel, oxygen, and pressure, 780 to 1,000 
cubic feet; and (3) Morgantown pressure gasifier with pulverized fuel, pressure, 
and oxygen, 21,000 cubic feet. The capacity of each process must be balanced 
against the relative heat economy and the cost of steam and oxygen required in its 
operation. 


Future and Present Uses of Synthesis Gas 


Synthesis gas is a mixture of hydrogen and carbon monoxide. As such it repre- 
sents a midpoint from raw materials to product in a variety of chemical synthesis 
operations. In the past, the source of this gas has been the gasification of coke 
and, of late years, natural gas (31). However, as the supply of natural gas is 
diminished, the use of direct gasification of the coal supplies will become increas- 
ingly important (10). A. R. Powell (26) has presented a rather complete outline of 
the present and future uses of synthesis gases by industry. In this paper the 
chemical reactions to be utilized and being utilized are broken down to three groups: 


2) Unpublished data, Morgantown, W. Va. 
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(1) The reaction between hydrogen and carbon monoxide with or without the addition 
of other reactants; (2) the reaction between hydrogen and other reactants; and (3) 
the reaction between carbon monoxide and other reactants. Listed among those in 
group (1) are the oxygenated compounds, namely the acids, ketones, alcohols, alde- 
hydes, and esters, as well as hydrocarbons for use as synthetic liquid fuels. At 
the presext time, the largest consumer group (2) is the synthetic ammonia industry. 
The use of hydrogen for anmonia synthesis, began in 1913, has steadily increased 
since, and promises to continue to grow in importance. Also included in this group 
are such uses as the hydrogenation of oils and fats to produce such items as marga- 
rine, hydrogenation of coal to produce chemicals and fuels, hydrogenation of organic 
chemicals and oils, and production of hydrochloric acid (14, 28). Group (3) is at 
present less important than the other two. However, use has been made of carbon 
monoxide alone in the metallurgical field, and the use of the synthesis gas in this 
manner is expected to increase. 


Producer Gas 


Producer gas is obtained by incomplete combustion of solid fuel with air, 
usually accompanied by simultaneous addition and partial reduction of steam. The 
resulting gas has a high nitrogen content and a relatively low heating value. 
Typical heating value is only about 150 B.t.u. per cubic foot; however, this simple 
and efficient process represents, in general, the cheapest available means for con- 
verting solid fuels to a fuel-gas product. 


Because of its low heating value, producer gas is not suitable for utility dis- 
tribution and is normally used at or near the point of production. The use of pro- 
ducer gas reached its peak in the United States about 40 years ago. By 1910, it 
was being used extensively in such fields as fuel for internal-combustion engines, 
in the manufacture of steel and in annealing, drying, evaporating, heating molds, 
brick kilns, cement kilns, and in ore-roasting furnaces. These uses have been 
steadily diminished because of expansion in use of competitive fuels, particularly 
natural gas and petroleum products. 


Since producer gas is still the cheapest fuel gas that can be obtained from 
solid fuels, it retains some immediate and long-term importance for industrial use. 
In addition to conventional uses, conversion to producer gas may eventually prove to 
be the most practical and economical method for utilizing coal in the gas turbine as 
development proceeds in this field (2). 


There has been no recent development on gas producers using lignite as fuel in 
the United States. Older data obtained by the Bureau of Mines indicate that lignite 
can be gasified successfully in conventional updraft gas producers, although the 
operating capacities achieved were relatively low (17). Typical operating data are 
presented in table 41. 


In table 42, capacity data for German producers of conventional design, using 
brown coal and brown-coal briquets, are presented for comparison (1, p. 83). 


Most of the more recent development work on gasification of low-rank coals to 
make producer gas has been carried out in Europe, where producer gas is more impor- 
tant economically at this time than it is in the United States. Information on 
these developments is reported in the section on European practice. 
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TABLE 41. = Performance data for u 


Plant No. 
Proximate analysis, percent: 
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l/ Charge: 500 pounds every 2 hours. 
2/ Charge: 190 pounds every 20 minutes. 


TABLE 42, - Standard capacity for German producers 


Stationary grate, 
natural draft, 
capacity, 


Bo obmE 
WuUIO FEN oO 


\Rle « 


Rotating grate, 
forced draft, 
capacity, 
lb. sq.ft. hr. 
5 4-22 .6 
328-36 .9 


Stationary grate, 
forced draft, 
capacity, 


Fuel used 
Brown-coal briquets...e. 10 .2-12.3 
Brown coal, as mined.... 16 .4-20.5 


Note 


For briquets: 1 lb. of briquets generates 41.3 std. cu. ft. of gas, moist, at 156 


B.t.u./cu. ft. 


For brown coal: 1 lb. of brown coal, as mined, generates 20.7 std. cu. ft. of gas, 
moist, at 114 B.t.u./cu. rt. 


Typical ultimate analysis of fuel, percent: 
Brown-coal briquets.eece- > 
Brown coal, as mined.... 
Moisture content, 


Gross heating value, 
B.t.u. lb. percent 


Brown-coal DPIGUCUB ¢.60 6 064eewee sews eeeus 9,200 15.0 
Brown coal, a8 mined....essceeeseceteese 4 750 8 
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4, HYDROGENATION OF LIGNITE 
Introduction 


The use of hydrogenation as a means of converting lignite to more valuable 
products, such as liquid fuels or chemicals, deserves consideration as a method of 
utilizing this important natural resource. The information available on direct 
hydrogenation of lignite may be roughly classified into (a) data from commercial 
plant operation and laboratory experiments in Germany, (b) results from bench-scale 
and laboratory investigation at the Bruceton Station of the Bureau of Mines, and 
(c) operating results from Bureau of Mines demonstration plant programs at Louisiana, 
Mo. In addition, literature data are available on hydrogenation of tars obtained by 
the carbonization of lignite. An excellent bibliography on hydrogenation has been 
prepared and contains abstracts of literature and patents to 1950 (8) / It should 
be pointed out that the data available on industrial hydrogenation plant operation 
on German brown coal are not directly applicable to North Dakota or other American 
lignites, and therefore this information is only briefly summarized in this report, 
primarily to provide some background on plant design, process problems, and types 
of products. Considerably more information is presented on recent research devel- 
Opments that might provide some basis for rather speculative estimates of hydro- 
genation as a process tool in the future utilization of lignite. 


Commercial Plant Operation 


The process of hydrogenating coal to produce liquid fuels as practiced in 
Germany consists in pumping a mixture of about equal parts of dried powdered coal 
and recycle heavy o11, along with hydrogen, at about 200 to 700 atmospheres pres- 
sure into reactors maintained at 450° to 485° C. (liquid-phase hydrogenation). 

A small amount (0.1 to 1 percent by weight of the coal) of powdered catalyst is in- 
cluded in the coal-oil paste. During the reaction period of 1/2 to 3 hours, the 
coal-oil mixture is converted to a product oil (usually termed "middle 011" boil- 
ing below 325° C. and heavy oil, which is recycled to be mixed with coal and then 
fed to the plant. The middle oil is hydrogenated in one or more stages over fixed 
beds of catalyst particles and converted to gasoline, The process is described in 
greater detail by Gordon and a group of investigators (6). The ultimate analysis 
on a moisture- and ash-free basis of the coal utilized at the I.G. Farben.Leuna 
Plant is given in table 43, together with ultimate analyses of various American 
lignites and coals. 


TABLE 43. - Ultimate analysis of coals on moisture- and ash-free basis 


Lees. | State or Ultimate analysis, weight -percent 
Count} count rj Oxygen 
Brown coal = Germany 0.0 5.3 
Velva Ward North Dakota 2k 1 
Beulah do. 24.2 
Arkansas Arkansas 19.1 
Washington 2h .0 
Rock Springs 14.1 
Bruceton Allegheny | Pennsylvania 9.2 


1/ Underlined numbers in parentheses refer to citations in the bibliography at 


the end of tHis section. 
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The yields, based on moisture- and ash-free coal, obtained from this coal 
by liquid-phase hydrogenation, were as follows; 
Pounds per 100 pounds 

of m,a.f, coal 
Gasoline plus middle 011 <325° C. ..ccccccncecccccecse DOO 
HYGYOCAYDON GOB wcanscccesccscccccenescsecccccscevscssess Lee 
Oxides of rel gi ol) 0 EE ee ee ee eee 10.6 
UNCONVOrtGG. COM] is-6-5i noes ww bW 0s Sw Oe eS eee OS 6 eee eee 15 
Losses in SOlLds Temoval .cccrescccencccernccccccccecseces 85 
Water, ammonia, HoS OCC. socccvccccnsecccscccsesacccese 20.9 
Hydrogen chemically OD SBOTDE .ccccescvesacescescenesnces 6.7 


The middle o11 was converted to gasoline by further hydrogenation, and the 
overall yields, based on m.a.f. coal, were as follows: 
Pounds per 100 pounds 
of Met sis coal 
Motor WOOHOO 116 ios 5:6 6 6401504 655s 0S hO OSS 2 
Hydrocarbon ZBSSBeeeccecesesscscsccceceses 19.3 
Hydrogen chemically absorbed..cccscccecces 9.1 


The figures given for hydrogen consumption include only the hydrogen chemically 
combined, and additional hydrogen is required to make up for losses in gas streams 
and dissolved hydrogen in liquid products, 


A comparison of brown coal and bituminous coal as h genation plant feed is 
given in the Ministry of Fuel and Power report (2, p. 69). The brown coal produces 
about 25> percent less gasoline, causes higher o11 losses in solids-remval processes 
owing to its higher ash content, requires more drying capacity owing to its higher 
as-mined moisture content, but requires about 15 percent less hydrogen. The effects 
of higher ash and moisture content in North Dakota lignites on hydrogenation yields 
have also been pointed out by Hirst and others (4), who estimate that 22,000 tons 
per day of mm-of-mine lignite will be required for a plant producing 30,000 bbl. 
per day of liquid products, whereas only 11,800 tons per day of Rock Springs coal 
are needed. These values include coal required for hydrogen and power production. 
The costs of gasoline produced from these two coals are estimated to be almost the 
seme if the lignite can be obtained for half of the cost of Rock Springs coal. 


Laboratory Investigation 


Considerable experimentation on hydrogenation of lignites in batch autoclaves 
and bench-scale hydrogenation units has been done at the Bruceton laboratories of 
the Bureau of Mines. This research has been directed toward the production of syn- 
thetic liquid fuels at lower cost through the development of improved catalysts, 
the study of process variables, the use of novel processing methods, and the utili- 
zation of byproducts. 


The experimental procedures and methods of evaluation for batch autoclave 
hydrogenation have been given in detail (3, 7). Special precautions were exercised 
in the case of lignites, owing to the tendency of these coals to pick up or lose 
moisture. They were dried from a moisture content of 30 percent to an equilibrium 
moisture content of about 10 percent. Hydrogenation tests indicated no change in 
amenability to hydrogenation due to the drying process, 


The product distribution obtained by the hydrogenation of several lignites and 


two bituminous coals in the absence of catalyst is given in table 44, The reaction 
time in all cases was 1 hour at 450° C. under an initial hydrogen pressure of 1,000 
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p.s.i.¢. These conditions are less severe than those used in commercial plants; 
and, although conversions are therefore lower, the differences between coals are 
more evident. The lignites tend to produce considerably more carbon dioxide and 
water, and the North Dakota lignites show rather low total oil yields. The total 
oil has been separated into an oil fraction, soluble in n-hexane, and an asphaltene 
fraction, insoluble in n-hexane. Each of these fractions has rather similar ulti- 
mate analyses even from various coals. The average snalyses for these two fractions 
are given in table 45, with an average analysis for gasoline prepared from coal. 


Tables 46 to 49 present data on the effects of various catalysts on the hydro- 
genation of lignites at 450° C. and 1,000 p.s.i.g. initial hydrogen pressure. 
Beulah and Velva lignites still show lower oil yields than those obtained with 
Washington and Arkansas lignite. The effect of molybdenum catalyst in decreasing 
carbon dioxide production appears to be due to the conversion of some carbon dioxide 
to mothame and water. The effect of temperature of hydrogenation on the product 
distribution is showm in table 50 for Beulah lignite. It can be seen that above 
450° C., at the initial hydrogen pressure of 1,000 p.s.i.g., the gas yield is in- 
creased at the expense of oil production. The effect of initial hydrogen pressure 
on distribution of products obtained by hydrogenation of Beulah lignite is given in 
table 51. The data indicate that increasing hydrogen pressure causes a decrease in 
the formation of carbon dioxide, benzene insolubles, and asphaltenes, The amount 
of hexane-sOluble oil increases, with some indication, due to increased hydrocarbon - 
gas production, that a maximum will be observed at higher pressures. The effects of 
temperature and pressure, shown for one lignite, are quite similar for most coals. 


The tests discussed above were all at conditions not normally used for indus- 
trial coal hydrogenation. As previously mentioned, these conditions were selected 
primarily to show the effects of various catalysts and type of coal. In table 52 
product distributions obtained by the hydrogenation of Rock Springs coal and Velva 
lignite at 4,000 p.s.i.g. initial hydrogen pressure are presented. The reaction 
time was 1 hour and the temperature 450° C, for both coals. We can see that, in 
the absence of catalyst, both coals produce approximately equal amounts of total 
benzene-soOluble oil. However, the Rock Springs coal is particularly amenable to 
catalysis, producing over 70 percent oil with both iron and molybdenum catalyst. 
Velva lignite does not respond too well to iron catalyst, and only a moderate in- 
crease in 011 yield is obtained with molybdenum catalyst. The lower carbon content 
and higher oxygen content of Velva lignite reduce the maximm potential ofl yield, 
compared with that possible from Inck Springs coal. However, the larger amount of 
benzene -insoOluble matter obtained with Velva lignite might be reduced by developing 
special and more active catalysts. The ultimate analyses of the total benzene- 
soluble oils obtained with both coals are given in table 53. Although the oils 
obtained in the absence of catalyst are quite similar, the oils obtained from Rock 
Springs coal in the presence of iron end molybdenum contain more hydrogen and thus 
indicate a greater extent of hydrogenation. 


The autoclave studies indicate that, in general, the North Dakota lignites, 
owing to a larger production of carbon dioxide, water, and gaseous hydrocarbons, 
Produce less o11 by hydrogenation than that observed for other coals. In addition, 
catalysts that show good results with most coals do not perform as well when used 
with these lignites, as evidenced by the higher production of benzene-insolubles 
Observed. These results might be due to the higher ash content of these lignites 
and the alkalinity of the ash, which has been shown by others to be deleterious to 
some hydrogenation catalysts. Possibly some pretreatment of these lignites might 
improve their amenability to hydrogenation. For example, mild thermal treatment 
of lignites will tend to remove some of the oxygen content as carbon dioxide and 
water, the residue having the ultimate analysis of a bituminous coal. This residue 
might be more amenable to hydrogenation. In addition, development of specific 
catalysts for these lignites is a definite possibility. 
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TABLE 47e—Product distribution of uncatalyzed and catalyzed 
Was on lignite ogenation for 1 hour at 450°C 


and tial hydrogen pressure of eBelefe 
Yie MAF. Ho 
Washington lignite Benzene Benzene solubles Gaseous con= 
insolu- Total n-Hexane hydro=- sumed, 
bles A soluble rbo 8) H»0 MAF 

Uncatalyzed 18.95 46236 31.48 14-88 12.72 122.05 11.53 3.6 
1% Mo (impregnated 

and neutralized) 7.30 53.06 1.00 52-06 15.07 § 61 16.58 609 

Sn + 0 NH/Cl 12,10 0 2 28.0 O 067 Lea 
TABLE48.—Product distribution of uncatalyzed and catalyzed 
Be te hydrogenation for 1] hour at 450°C. 
and initial hydrogen pressure of 1000 p.s.i.g- 
Y M. A. Fe H2 

Beulah lignite Benzene Benzene solubles Gaseous con= 

insolu- Total n-Hexane hydro- sumed, 

bles oil] Asphaltene_solubles carbons CO H20 MAF 
Uncatalyzed 51.12 19624 8.06 11.18 11.15 10.35 10.32 2258 
Neutralized + 1% 

Ni (NiSO,) 32.92 2810 15.87 12.23 16.31 10.20 17.98 4& 
Neutralized + 1% 

Mo 15.34 46-54 12.80 33-74 14-40 670 19652 580 
Neutralized only 39047 23.98 10.20 13.78 12.30 11.20 16.30 3-70 
Un=neutralized: 

1% Mo 27613 37250 14-7 22.280 17.63 7250 1625 5230 
1% Fe (impreg- 

pated) 29.02 27203 19.00 8.03 2120 13292 13-22 4el 
1% Sn(SnCl2 25200 Lhe, 2268 22016 11.21 12.83 13-43 473 


TABLE 49+—Product distribution of uncatalyzed and catalyzed 


Velva te hydrogenation for 1 hour at 450°C. 
and initial h en pressure of 1 eBelegve 
Yield M. A. F. Ho 
Velva lignite Benzene Benzene solubles Gaseous con- 
insolu- Total n-Hexane hydro- sumed, 
bles Oil Asphaltene soluble C H20 MAF 
Uncatalyzed L4e8 22010 Te7 14-40 13.20 11.3 11.20 22.10 
1% Sn + 0.5% 
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TABLE 50..Effect of tempeyature_on product distribution of catalyzed 
Beulah Jignite hydrogenation for | hour, using Mo catalyst 


e Mo cata 
qd 1 {e) e e e8e e 

eld Me A. F H2 

Beulah lignite Bensene ____ Benzene solubles  ...-«-—« Gaseous con- 
Temperature °C, insolu- Total n-Hexane hydro- sumed, 
100 53010 35046. 220322”-«dWG el «20075 8085 Gel her? 

425 27052 39240 15230 24010 22010 7678 17040 4062 

450 18034 4654 12.80 33074 LhehG 62670 19652 5-80 

475 16-70 42-85 8.63 34022 20-00 6653 20049 6675 


eo A Ho 
Beulah lignite Bensene Gaseous con= 
Initial hydrogen insolw Total meHexane hydro sumed, 


500 —sTL 31e9L~SCde LSS 20000 ”—«*230 20. eG Se T4050 


1900 18034 46054 1280 3307, sd UbehO «=e I) 19052 508 
1750 4080 4807 «5035 A3e40  —«-« 17031 he67 =—200 73. 60 85 


2500 A094 47-8 2200 458 1901 3039 «=. 22.68 =7.60 


FeSO 4 4e23 73.015 4548 27267 Ue 2-60 9029 5230 
, 0.1% Mo 2070 The6l 5.88 68.73 13057 09 = =12015 6023 
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TABLE 53. - Ultimate compositions of total oils obtained from hydrogenation of 
Velva lignite and Rock Springs coal 


Percent 


Do. 1% Fe as FeSO, 76 

Do. 0.1% Mo as 73 
ammonium molybdate 

Rock Springs | Uncatalyzed 1.13 

Do. 1% Fe as FeSO), 1.19 

Do. 0.1% Mo as 92 


ammonium molybdate 


Thus far the standard coal-hydrogenation processes for converting ligites to 
oil have been considered. In addition, some experimental work has been completed 
on the low-pressure hydrogenation of lignite in a bench-scale fluidized reactor. 
The techniques used in this work have been previously described (1) . The objective 
of this process was to convert about half of the lignite into hydrocarbon gas and 
oil, with the residue char used as fuel or for hydrogen or synthesis-gas production. 
The data are summarized in table 54 for the preliminary work completed at this time 
on North Dakota, Arkansas and Texas lignites. Although the yields of o11 send gas 
are quite satisfactory, the quality of the oils, particularly those obtained from 
the North Dakota lignites, are poor. In addition, considerable engineering devel- 
Opment mist be undertaken to eliminate problems of coal agglomeration, hydrocarbon- 
gas recovery, coal feeding, and product-o1l handling. This type of processing, 
although still only a laboratory development, does offer an additional prospect for 
the future of lignite processing by hydrogenation. 


Demon stration-Plant Operations 


At the Bureau of Mines Coal-Hydrogenation Plant in Louisiana, Mo., the high- 
Pressure hydrogenation of Velva, N. Dak., lignite was investigated on a semiplant- 
scale unit. In an extended mm from October to December 1953, 1,665 tons of raw 
lignite was processed in the liquid phase, yielding 120,000 gallons of vapor-phase 
charge stock and 30,000 gallons of heavy oils. Subsequently 90,000 gallons of the 
charge stock was converted in the single-step vapor-phase unit into 89,000 gallons 
of 83 (Research) octane motor gasoline. 


Liquid-Phase Hydrogenation 


Description of Coal 


Velva lignite is found in the Coteau bed in the extreme southeastem corer of 
Ward Coty, N. Dak. The bed is 10 to 18 feet thick and comprises an area, indi- 
cated to be some 250 square miles, underlying parts of 8 or 9 townships (5). The 
coal processed was mined about 10 miles southwest of Velva, N. Dak., and was ob- 
tained through the cooperation of Truax Traer Coal Co., Chicago, Ill. 


Analyses of the coal are given in table 55. Several objectionable character- 
istics already discussed wder Laboratory Investigation were recognized as inherent 
in the Velva lignite. However, despite these characteristics, the abundance and 
availability at low cost justified investigation of semiplant-scale processing of 
the lignite. 
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TABLE 55. - Coal analyses - Velva (N. Dak ,) lignite 


7 ree PX 
rec 'd M.a.f. 


Proximate: Ultimate : 
MOL Sture scccciccscesocees CAYDON ie 4:5 4nd Weer e eats 
Vol. matter..ccccesccses | 28 ‘5 AY GLOOM 55 6.6.6 6s cis We'e es 
Fixed carbon .cccccccccce Nitrogen ..ccccsccccccece 
ASD 6665 654% WK RES ORS R STi soc % oo oe os eiecaee ee 
OX VPN 4556 s06 ses ease es 
Petrographic:2/ ASN, wccccccsccesscccoce 
Anthraxylon ...ccccccccse ON cctiasseawuestaauns 
Trans. attritus...sscces 
Opaque attritus...cccoee Alkalinity: 
PUBOIN 6:55 66056004 ealee o's Grams H2S0), Kg COAL. cee 


i/ Storch, H. H., Hirst, L. L., Fisher, C.H., and Sprunk, G.C., Hydrogenation 
and Liquefaction of Coals, Part I: Bureau of Mines Tech, Paper 662, 1941. 


Processing 


The liquid-phase process was essentially that for high pressure hydrogenation 
as practiced in Germany and briefly described under Commercial Plant Operation but 
incorporated American-designed equipment and instrumentation throughout. Operating 
conditions and ylelds typical of the liquid-phase operations on Velva lignite are 
presented in table 56 and analyses of pertinent process and product streams in 
table 57. 


The high moisture content of this coal taxed the capacity of the grinding and 
drying equipment, designed for processing 8 to 10 tons per hour of low-moisture 
bituminous coals and from the beginning determined the rate of coal input to the 
hydrogenation unit. It was not possible to supply enough prepared coal for accept- 
able converter operations and to dry the coal to less than 8 to 10 percent moisture. 
A maximm drying rate of some 2.5 to 3.5 tons of "dry" coal per hour was attained 
by maintaining the temperature of the inert gas to the ball mill at 650° F., some 
200° hotter than was required for normal operation on bituminous coals. The high 
moisture in the prepared coal did not present serious difficulties. Some foaming 
occurred in paste making, which was eliminated by reducing the paste oil tempera- 
ture to 190° F. 


The catalysts used were copperas, FeSO) » 7H20, and copperas plus ammonium 
molybdate, (NH) pMo0. The copperas was added dry to the wet coal before grinding 
and drying, and the ammonium molybdate was added as a powder to the dried coal at 
the paste-mixing tank in the quantities showm in table %. 


The yields as shown were good with both catalysts. Conversion to light oils, 
although low in percentage of the total organic coal substance, was of the order 
of 58 to 60 percent based on the coal carbon. Liquefaction was consistent with 
the amount, as indicated by petrographic analyses of relatively inert substances 
of the coal, Gasification was not excessive, considering that over one-third of 
of the gas produced was CO5, which eliminates coal oxygen without consumption of 
hydrogen. 
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TABLE 56. - Operational and yield data - liquid-phase 


processing of Velva lignite 
I II 


Operational: 
Pressure, p.s.1.: 


TANG wisig Su ana Wwe wie Sore Wale SSA RRO SSG Ba OES Wawa e Sse 


~ © 
o 
(2) 


we ws 


ONG 0 Gig ceded eee wow See PS areas ee OS we Ae wre eel eS 
Conversion temperature, ccs cccvccccccccccseses OF , (average ) 
Coal, MOLStUTC=[V66 6k 64856 bb oe Oe de eee Oo Oe SS DONS aay 


NS ie 
OFOF 
Ss 


Coal, moisture and ash free. .ccrcccccsseccsesscess dO. 

Coal, moisture and ash free....eseeceseeeeee ld, /cu.ft, f/hr, 
PELE U Oe vcore. Wiese! Suelo 6 eee tails wl obo esa we eceeleiare Ne race eeete do. 

PASte acc ccccnsecccccancs cocccsevecseceespercent m.a.f. coal 
Paste 011 .i0ss5 eccrine sees seta cesense ee Dercent <.620° F: 
Total gas to CONVerters, .eseeoeeees CU. ft ./1b, m.a.f. coal 
Ho wcccccccccvccescscceccsecesscecesseses percent by volume 


i 


PP ABSGISE 
DO WWM NO-~] OOD 


Makeup Ho wcccccccccccccccscccnccece cu.ft./lb. m.a.f. coal 


Yields, weight-percent on m.a.f. coal: 


Total ZOSCEwcccvcccessvecececcccesecesecccccsecsecesssesecs 
HYdXOCArDON: BASE B:c.0 6s-6 0'e.0 S046 b's 0.06 Oe walwe ebb 86s eS ESS 
Light 0118... sececsecccccescccccrscccesees C5 + tO 620° F. 
Benzene soluble heavy Oils. ..cccscccccccececeses > O20? F, 

AS DOA LCS. 6 g:0 win 606 5a: ale 050056 Wie Dew 0.0 91056 WSO OS bo S6 Ce wees 


Coal TA QUETACE LON é oo sibs osc oS AW wre 6 Se ee wee es ee eee wee 


D6 & 


Wo) 
Fw 
COA UNO He 


O11 yields, bbl./ton m.a.f. coal: 


LP BASSE wccecereeseevereseeerece ear esecerecseseeseesevsese 


Light OLS eesooig eho 6 eon wesw 0a low sa Saha WS ak wb Sle Ra ws Ree 
Heavy oils (Denzene-soluble) sscscoceccccsecscceccarsccccce 
Total OLDS. axe oases Ghia bo Oe ee oe Bike OW We he awe ews 


Space time yields, lb./c.f.h.? 


Light OTS ong Sg ar'ae. a cacacete ea aca ew weer cae Leis SoS be wees 


Heavy GA LS ovis oie a a eh ae ee Oe ee ea OE ea Eee 
Hydrogen consumption, lb./lb. m.a.f. coal: 


Total sore ee ee ee eT ae ree ere ee ee ee re eee ee ra 


React ion |; (oe See ee en ee ee rere eee ee eee ee ee 
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TABLE 57. - Typical analyses of process streams and products - 


liquid-phase h enation of Velva lignite 


posit 004202, ot bom 
m.f. pt oil |H,OLDJIL,O.B oil {|Napht Gasoline 


Ultimate - wt.-percent: 
RB 656s :6 wile owes oe woe eek 
Carbon. wscccccccncecccece 
Hydrogen .ccccccccerscccce 
Nit PORON 66% 64 60.605404046% 
Sul PuS bs. oad wacaeeciewe’ oe 


CTecesecscecesacvececse 


eh 


FOoo°o Fr 


Ww O @\oW OW 


(On ss 
UAW OF 


MN 


1 


C @ees@epe cee eee soeenseee08 


Insoluble materials - wt.% 


Bemzene-insol. aeeovenvevee 
Pet. ether-insol., eeveeen 


Density: 


Sp. gr. eceeeaeve eee 60 /60° F, 


iS er 
Distillation - °F.: 


I.bd.p. Cceeeseses eter Sete 
NOG soe tisdsneeessewetecews 
3 eeoeeoseeeeeoreeeeeeeesne 
9 eeeeeeevereneveeeeeeon 


E.p. @eeeeeaeeoenvueeevoenevnne0eg20e@20680 


Recovery, percent: 
TOCA]. cé0 bssews Fees soe ss 
At 500° F, e@eeovesese0088 
At 620° F, @eeeeoee00808408068 


Chemical analyses, percent: 


Tar OClLOS 6d 6 hbo ee se ewes 
Tar DABSEB. ccccccccssccece 
OVO PING 6.0 kk.0is0:6 06 606ece ee 
APOMOG1 6B 6 66:64 6066666 e8 08 
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Distribution in the hydrogenation products of the organic components of the 


lignite was as follows: 
Period I Period ITI 
weight ~percent weight -percent 


Carbon : 
Gasification,..cccccsccccscoes 15.1 
Light feo 61.2 
Total Fn ey ee ir 78 3 
LAQuetled sg 664630 e soe beets als 93.4 
Nitrogen : To NH3 eeoeaeseeoeeannee 50 .0 
Sulfur: Organic §S to HoS.ceoee 36.1 
Oxygen: 
To CO and COd cccccececcsrcccs 22.1 
To WAC GY 6.405 04.546 ewe wee ews 64.8 
Total elimination....cceccces 86 .9 


i/ Includes tar acids and bases in the liquor. 


The percentage of conversion of coal carbon to light plus heavy oil equaled 
that attained previously in bituminous-coal operations. 


Performance Of Equipment 


In general, processing equipment performed well on lignite. Improved opera- 
tion was obtained from nearly all the injection pumps, Stellite inserts were used 
successfully, for the first time, as valve seats. Packing replacements were low - 
only six during the entire run. The largest maintenance item on the injection pumps 
was replacement of ball-type valves. More than normal failure for these valves 
seemed to occur during the run. 


No difficulties were encountered in operating the paste preheater. For the 
first time, no scaling or deposition of solids occurred in any tubes of this 
radiant -type heater. Better heat transfer was evinced by lower tube temperatures 
for the same heat load as for previous runs. Whether this good performance was due 
to characteristics of the coal and paste oil, better firing, or the low solids con- 
tent of the paste (38 to 42 percent) was not ascertained. 


Inability of the coal-preparation unit to furnish enough coal steadily for 
proper operation of the converters caused considerable difficulty. Hot-spot reac- 
tions developed several times, necessitating quenching of excessive temperatures 
with cooling gas and pasting oil. The sudden coolings caused small leaks in flange 
joints, which required lowering of the system pressure for sealing. As the run 
progressed, it became evident that solids had deposited in the converters, and the 
run was stopped to make corrective changes. As the coal-preparation plant was 
unable to handle the requisite quantities of lignite for proper operation of the 
converters, plans were made to reduce their internal diameter to suit the capacity 
of the coal-preparation plant. 


Removal of solids from the heavy-oil letdown (H.O.L.D.) was more difficult 
than in previous operations. Apparently, either because of the character of the 
heavy 011 and solids or because of a high rate of feed to the centrifuge, the 
efficiency of solids removal by centrifugation decreased appreciably. Low solids 
removal by centrifugation forced removal of the major portion of the solids made 
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by flash distillation - an operation accompanied by exorbitant oil losses, result- 
ing in depletion of heavy oils by 30,000 gallons more than was made in hydrogenation. 
The total oil loss incurred in removing solids was equivalent to 1.4 barrels per 

ton of m.a.f. coal processed, 


$ The pitch made in flash distillation was very viscous and sticky, and three 
times during the operations the bottom head had to be removed to permit the lower 
section of the flash drum to be cleaned. Improved flash nozzles performed well 
with little or no trouble from the coking experienced in previous runs. 


Vapor-Phase Hydrogenation 


Conversion of the Velva lignite liquid-phase light oils into a good-grade motor 
gasOline did not offer particular problems. These light oils responded to vapor- 
phase hydrogenation similarly to light oils from hydrogenation of bituminous coals, 
both in yields and quality of gasolines made. 


Approximately 90,000 gallons of lignite light oils were processed during 10 
days' operation in April 1953. Typical onstream operating conditions are presented 
in table 58 and yields and analyses of pertinent streams in tables 59 and 60, 
respectively. 


The catalyst used was a pelleted fixed-bed-type German catalyst (2) designed 
for one-step conversion and refining of coal-hydrogenation oils. 


TABIE 58. - Typical operating conditions = vapor-phase 
hydrogenation 


Pressure, p.s.i.: 
Stall TOBE <5 /osecn oie eeceen ee wee eet eee eens 10,000 


Stall outlet .cccccccccccscccccsvcsncsccese 9 , 350 
Converter temp., °F.: 

AVOTBR6 divaa caus act iusenealooriereseess 892 

Maximum. cscccrccvcccccscvccesessccccsccccces 930 
Feed injection: 

Gallons per hour...cccccccccsccvcccccccces 945 

Lb. /cu.ft./nr., total OLl.sccreccsecccccece 72.1 

Lic /eusfts for S37. OF. ssaentdesessleses 64.9 

Recycle, vol. -porcent .cccccccccesecececece 51.8 
Gas flows, cu.ft./lb. feed consumed: 

Feed Injection aS .ccrcscrcsccccccscccccne 94.9 

Cooling TBS wove cvevcccsssccvesecssecesvcses 13 .6 

Total to stall .cccsccccvcccvessccscccsccces 108 .5 

Ho, POrcent .esccccescccsennevcscscccccveces : 

Makeup H»5 ZBS eocescercecccvcesesececececoce 10 .6 
Catalyst: 

Jeg: ere ee ee ee re rer re eae ee ee K536 

VOUS, CULO s. 46.6 6 wo 4 6b oe eee CUS e865 100 
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TABLE 59. - Typical yields - vapor-phase hydrogenation 


Yields based on total oil feed, wt.-percent: 
Gasification: 
Carbon monoxide, carbon dioxide ..ceccrsscnecs 
Net hydrocarbon ZaseS.cccevccvecscccveccccsece 
GaSOLING 6 6.66:66.0 0-000 es 6 46 60:0 b'e' e000 6 056s .6.0 9 8.050% 
Recycle DOCCOMS i s6.6 ss. sss 60 6 Nie 5 Mow Sow ae Sees 06 
TOU Gd OL 1S ic sas arse ao oe 5 owe Os Wee Walera a he hone 
Conversion of >375° oils, wt.-percent: 
58 SO LIN G:s 4 ie wih eco dee Sse tace win 0-9-8 WS Nae SHES Cares es 
HyYGrocarbon CASES sscecccvccccescascceccccsesces 
POG Gls asa.w ae oe eevee Ow sare nee @ Wore Obs eee oe eres 
Yields based on converted material, wt.-percent: 
GASOLING 4 6.65. 6is.6 becca WN e We 6 Oe SOS e ee we we See Sse 
Hydrocarbon ZASCB.cccccccecnrcccvecccccsccceces 
Yields based on feed consumed: 
GASOLING .ccncccccscccccsccsessssceos WU. percent 
vol.-percent 
Hydrocarbon Z@S€S...seccnsecesscece sWt.-percent 
Space time yields, lb. /cu.ft./nor.: 
TOtGL ‘BESOLING 5 i640 elewis awe-aie enews owe ew sees 
Gasoline from > 375° F. Peedecwccccccccccccecs 
Reaction hydrogen based on feed consumed, 
wt .-percent ..rccece 
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TABLE 60, - Typical analyses of feed and product streams - vapor-phase 
hy drogenation 


Virgin | Feed Finished 
feed blend {| bottoms | gasoline 
22 8 54.2 


92 
136 
186 
ect 
270 
324 
392 
8 .0 


Gravity--A.P.I. @ereeeereaseoer eos eseeneeneenesd 
Distillation, °F.: 


Tg ia. 5 466 -b 0 Oe OSs Sd oe ee 


TO xe eles darn Seidesse Wie: 6le wale @ Ch win N A ea SOK ow eee eee 
3 Ove gia avaetardig J wie eeavave wie ele Siew Hae s Wea ee es 
DO eisaiasia: avin! 6:5 ao 6: 604 GIR sa.i6 6. 6 0 0 Wate ese 'sla Gao esue 
LO wide oar Www Se Te OSs C8 WOR aT e 
OOo e-We eee BSS WSS Sn6- oe SOO eS 
We Piealeae SWC ie CROWS ROSS 5 SEG WEES Ree OS 
Percent Trecovered. cacceccccrerscceceses 
Percent. 46. 3) “Pav séosenw sees ee seine 
Chemical analyses, vol.-percent: 
PAP “ACT O66 0 ewisee costa wae O8eN~ seek kes 
Ter DASC Gbiis1w ba0 eee tee aw 6 Sow ee eee 
OLOTING Sessa kos swe Shee Seo eee ees 
BPOMG 1 CS ss: ese :ca doc: wie ora 40-y 00 ew ee ae eo we wee 
Ultimate analyses: 
CAPD OR ies 64.6 4.0 ee 6 OS wells Ste A A ei ee ew oe 
HY GTOREN 66: og: 0 e70:ie.0 wi eel wee ele 6 oalevere level eres 
NDE POPC: gs le 6 5i6 6:0: ow Sie Oe wie sie 6 00. we 0 we 
SO LPAI 335 sexo: are) ala tarierievd: 30: Were vecta Seer o. bere setelare Sele 
Oxyeen (by ditt.) svsanwsaweeaya esc euery 4 
Octane number (clear): 
Motor mew NOG: so 6:ic0-6 aeetech-0 we oad wai aG wieeneae 
RESCAT COG 6.5 65 bi isis SP We si ie ee wire ws 


MN 
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5. OTHER CHEMICAL PROCESSING 


Although no definite conclusion has been reached as to the fundamental molecular 
structure of coal, it may be considered to be a complex organic colloid, physically 
heterogeneous. The individual coal molecule consists basically of hexagonal carbon 
rings making up different polycylic structures, with naphthenic and other ring 
structures occurring to a lesser extent (17) 1] Generally, the older the coal, the 
more the plant compounds have been converted to the larger polycylic molecules, 
Although the large-molecular portions of the coal molecule are of potentially great 
interest, actually at present the lower molecular weight degradation products are 
of the greatest commercial value, 


Lower molecular weight compounds with existing or potential chemical markets 
may be obtained fram coal in various ways. Methods by which coal generally is 
treated may be classified under the following general headings: 


1, Pyrolysis (carbonization). 
2. Hydrogenation. 

3. Gasification. 

4, Extraction. 

5. Partial oxidation, 


Pyrolysis, hydrogenation, and gasification have been discussed in detail in 
other sections of this report. The additional chemical processing methods listed 
also may have possibilities for economic development, though probably on a amaller 
scale, 


Extraction consists of dissolving or extracting a portion or all of the coal 
substance by suitable solvents and then recovering the desired fractions from the 
solution, The extraction process is an important research tool for obtaining informa- 
tion concerning the fundamental nature of coal, Cammercial applications also exist, 
particularly for the low-rank coals, and the process of selective extraction may 
become more important in the future. 


By controlled partial oxidation degradation is lessened, and complex substances 
such as humic acids are obtained in addition to the usual combustion products of 
carbon dioxide and water. The distribution and complexity of the degradation 
products depends upon the severity of oxidation and the nature of the original 
material, 


- Another potential source of chemicals is the coal ash; included are both in- 
herent and extraneous ash, Certain elements, such as uranium or germanium (9), 
may have been concentrated in special cases in the coal ash to an extent not 
generally found elsewhere, as discussed in more detail in section 3, part l. 


Products for other than fuel use that are now produced from United States 
lignites on a commercial basis include: Montan wax; "active" carbon, a treated 
char; water softeming or treating agents; wood stains; and oil-well drilling-mud 
additives, Several anall industries are operating profitably producing these 
materials, These commercial applications are discussed in the following sub-sections. 


1 der 1 numbers in parentheses refer to citations in the bibliography at the 
end of this section. 
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Activated Carbon 


Vegetable-type carbons activated by treatment with various atmospheres such as 
steam, air, or carbon dioxide are used widely for decolorizing solutions. The field 
of utilization extends also to diverse applications, such as water treatment, recovery 
of solvents, gas absorption, recovery of gold, and extraction of lodine. Declorizing- 
type carbons can be prepared from lignite or almost any substance containing carbon. 
For example, flax waste, moss, coconut hulls, wood, molasses, and other materials 
have been used for this purpose, 


Treated lignite used as activated carbon belongs to class 3 of the vegetable 
declorizing carbons, as classified by Mantell (11) on the basis of manufacturing 
methods, Class 3 decolorizing chars are made by thermal treatment of such carbon- 
aceous materials as lignite, sawdust, woods, and waste pulp liquors. Activation 
treatments vary widely with the mechanical strength, porosity, and other factors de- 
pendent upon raw material, Owing to the complexity of the factors determining the 
activity of carbons in various applications, comparison on the basis of laboratory 
tests, or even dissimilar commercial uses, oftem is difficult and may have little 
value. Two carbons may contain the same amowmt of active carbon; one may be an 
efficient decolorizer, the other an efficient gas adsorbent. Both, however, may 
be nearly worthless when the applications are interchanged (12), 


The Atlas Powder Co. Darco plant, which has been operating at Marshall, Tex., 
since 1922, is the only commercial plant in the United States known to be manu- 
facturing activated carbon from lignite. In 1952 the plant was reported to have a 
capacity of about 2 million pounds of carbon per month (1). Alloy-steel retorts 
externally heated by natural gas are used, No attempt is made to recover byproducts. 
The strip-mined lignite contains about 31 percent moisture as charged. 


Manufacture of Darco activated carbons, as reported by Evans (5), consists of 
four steps, as follows: 


1. Carbonizing the crushed minus-7/8-inch lignite in retorts. 
2. Acid-water washing the burned product. 

3. Grinding and air-classifying the washed material. 

4, Packaging sized material for shipment. 


According to the patent of R. W. Mumford (12, 13), lignite is first reduced in 
size to 10- to 16-mesh material, and the water-soluble constituents are removed, 
Before burning or carbonization, a paste is made by adding 1 to 15 percent milk of 
starch or gelatinous tricalcium phosphate. From 5 to 50 percent of 80- to 100-mesh 
dolomite also is mixed thoroughly with the paste. Progressive heating takes place 
in rotary kilns, Formation of water vapor in the paste gives considerable porosity 
to the material. The dolomite spacing agent prevents overheating wtil decomposed, 
Heating continues wmtil 800° to 900° C, is reached; the treated material is then dis- 
charged into a water bath, The ash is reduced by acid treatment, and the carbonized 
material is activated by air and steam at controlled temperatures. 


Generally two grades of active carbon are produced, Most of the material is 
marketed as finely divided Darco, 70 to 90 percent minus-300-mesh, Darco may be 
used in decolorizing and purifying liquids and solutions, including sugars, syrups, 
oils, solvents, chemicals, and pharmaceuticals (5). Hydrodarco, a more granular 
product, is used in water filtering and purification plants to remove obJectional 
odors, taste, and colors, 
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Darco grades S-51 and G-60 contain 74 to 76 and 93 to 96 percent carbon, re- 
spectively. The corresponding ash contents are 23 to 26 and 3 to 6 percent, 0.5 
percent or less of the material being soluble in hydrochloric acid, The chars are 
very slightly acid; pH of the water extract is 4.5 to 6.0, This is considered impor- 
tent for the adsorption of amphoteric substances (12). Another important character- 
istic of the Darco chars is their relatively high density either in loose or solid 
pack, as compared to other commercial activated carbons of similar grade. 


Recent data on production of Darco activated carbons from lignite are presented 
in figure 25 (1). In 192, Darco production represented 40 percent of total United 
States output of activated carbons, excluding gas carbons. 


The University of North Dakota School of Mines became interested in activated 
carbon from North Dakota lignite in 1933, owing, in part, to water-purification prob- 
lems accentuated by drought conditions. Laboratory investigations and pilot-plant 
work were carried out in cooperation with North Dakota and Federal relief organiza- 
tions. Results of this work are summarized by Bloomquist (2). 


Amick and Lavine prepared an active carbon fram carbonized Velva lignite by 
activation with superheated steam (2), Material treated at the higher temperature. 
(950° C.) compared favorably with the corresponding Darco product. ‘The North Dakota 
product compared with Darco had approximately twice the adsorptive capacity for ben- 
zoic acid (42,5 to 21.3 percent, respectively) and nearly the same percentage of 
iodine adsorption (46.4 to 49,1 percent), Without acid washing, however, the acti- 
vated chars were relatively poor molasses decolorizers. Acid washing increased the 
decolorizing at the expense of benzoic acid and iodine-adsorption properties. Cooley 
prepared activated carbon on a pilot-plant scale, using steam activation in a rabble- 
type furnace. Selected chars compared favorably for water-purification use with com- 
mercial products with respect to phenol values and threshold odor numbers; however, 
difficulty was encountered in obtaining a wmiform product, The furnace operation was 
relatively inefficient and apparently unsuitable for commercial application without 
extensive modification, 


Before activated carbon can be produced commercially from North Dakota lignite, 
further experimental work would be required. In addition to kmown procedures, con- 
sideration should be given to the application of fluidized techniques for carboniza- 
tion and steam activation as a possible approach to the problem, 


A market exists for activated carbon in the North Central States, which could 
be met by activated carbon produced from North Dakota lignite. A portion of this 
merket would be as decolorizing and treating agents in the sugar-beet-processing 
industry. In northwestern Minnesota refineries are in operation at East Grand Forks 
and Moorhead, with another large plant wider construction at Crookston. 


Additional activated carbon could be used in water purification. The problem 
of obtaining potable drinking water is quite difficult in the North Central States, 
especially during drought years, and considerable activated carbon is used for this 
purpose, Usually each town with a mmicipeal water supply employs activated carbon 
to some extent. In Grand Forks, N. Dak., a minimum of approximately 40 pounds of 
activated carbon is used per million gallons of water treated. 


Stain -Type Dyes and Related Products 


A water-soluble brown coloring material that finds a market as a wood stain or 
stain base can be extracted commercially from naturally weathered or slacked lignite. 
According to Dove (4), the coloring material is a complex mixture similar to the 
ulmic or humic materials occurring in waltered coal substance, Two commercial plants 
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have been in operation in the United States for recovery of the water-soluble stain. 
One plant near Bowman, N. Dak., has produced various grades of stain material under 
the general trade name of Dakalite; the other produced a similar dye from Arkansas 
lignites. 


The Arkansas production was begim at El Dorado, where a small plant was operated 
for some 3 years after 1938 by the American Dyewood Co, Both flake and granules of 
Vandyke brown were produced, In 1941, some 700 tons of lignite was used. The 
material was processed at El Dorado or at an associated plant in New Jersey. The 
New Jersey plant was moved in 1943 to Malvern, Ark., where both stain and montan 
wax were produced by an undisclosed process. During the war years, consumption of 
lignite at this plant may have exceeded 1,000 tons per year. The operation was 
abandoned in 1947 owing to the return of imported montan wax to the market (11). 


The North Dakota operation has a longer history, having been started in 1923 

by L. P. Dove, formerly North Dakota State geologist. The coloring material Dakalite 
is extracted from minerallike weathered or oxidized lignite called leonardite. When 
treated with an alkaline solution, the oxidized lignite or leonardite forms a water- 
soluble reversible colloid, Production of Dakalite consists of extracting leonardite 
in hot alkaline solution, decanting, and evaporating the dye-containing solution to 
near dryness. The moist Dakalite is dried further in a rotary-type kiln, growmd, and 
packaged. Various grades of oil-and water-soluble Dakalite have been marketed (6). 


The original plant was constructed near Minot in the fall of 1925 and moved to 
Burlington a year later. For about 15 years, processing was carried out at Bowman, 
N. Dak, Recently, processing facilities at Bowman were taken over by the National 
Aluminate Corp. and are now used to obtain lignite products for water treatment. 
According to information released by the National Aluminate Corp., the processing at 
Bowman consists only of partial drying, without chemical treatment. The material is 
later treated in various ways and mixed with large percemtages of other chemicals 
before being used for water treatment. Details of processing, as well as production 
figures, are not available. Production is stated by the corporation to be, "exceed- 
ingly small as compared with that of lignite production for other purposes." 


An oil-well drilling-mud additive is manufactured from oxidized lignite by the 
Baroid Division of the National Lead Co. at Haynes, N. Dak. Small amoumts of the 
additive in alkaline solution are included to improve the settling characteristics 
of the entrained solids (10), No details of the processing operation are available 
at present. ae | 


Montan Wax 


Montan wax is a natural wax, which may be extracted from some coal substances, 
usually brown coal or lignite, by suitable organic solvents. Composition of the 
wax varies, depending upon raw material and type of solvent used, Waxy constituents, 
such as monohydric alcoholic esters and high-molecular-weight acids predominate, with 
resinous and asphaltic material occurring in lesser amounts. Chemical compounds that 
have been identified are various esters, acids, alcohols, ketones, hydrocarbons, and 
resins (14). Physically, commercial crude montan wax has a relatively high melting 
point (185° F,) and is hard and brittle. The refined grades exhibit compatibility 
with paraffin waxes, A few important applications of montan wax are carbon paper, 
polishes, phonograph records, rubber, electrical insulation, inks, greases, protective 
coatings, and adhesives. Lignites vary widely in their wax content, and only a few 
American lignites have enough waxmaking constituents to make wax recovery economically 
feasible under present conditions (14), 
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Before World War II montan wax was imported, The volume of imports in 1930 
was 12.5 million pounds, Imports ranged fram 5 to 9 million powds annually during 
the next 9 years, with about 7 million pounds worth $700,000 entering the comtry 
in 1939. Little or no wax was imported during the war years (14), 


Domestic commercial production of montan wax has been from Califormia and 
Arkansas lignites, that from Arkansas coming from the American Dyewood Co, plant 
at Malvern, The American Lignite Products Co. has produced montan wax fram Cali- 
fornia lignite since 1948 at Ione, Calif. (16), Lignite deposits of the American 
Products Co, in the vicinity of Ione, Calif., occw in lenses of relatively small 
diameter, ranging from 500 to 3,000 feet and varying in thickness, The strip-mined 
lignite is first crushed to approximately 1/2-inch particles and then pulverized 
in a hammer mill swept by hot products of combustion, Approximately 80 percent of 
the pulverized material passes a 200-mesh sieve, The finely ground lignite is fed 
to an extractor and extracted batchwise by petroleum solvents, which dissolve pre- 
dominantly wax esters, resinous bodies, and asphaltic substances. Discharge from 
the extractor is separated into extract and extracted lignite by a series of filters. 
Solvent is removed from the extract in steam-heated stills, from which the liquid 
wax is drained and transferred to pans for cooling and solidification, The recovered 
wax is crushed and bagged for shipment. Solvent retained by the filter cake is re- 
claimed by steam distillation to keep solvent losses at a minimum, A simplified 
process diagram is shown in figure 26, 


Approximately 280 pounds of crude montan wax is obtained from 1 ton of lignite 
of 25-percent moisture content, and substantial production is now underway (3). At 
present the company produces only crude, hard, dark-brown montan wax available in 
two grades and marketed under the brand name Alpco. Type 16 wax sells for 25.0 to 
26.5 cents per pound, whereas the price of type 235, a partly refined wax, ranges 
from 28.5 to 31.0 cents per pound,.¢ 


Information on properties of lignite mined for wax extraction and of extracted 
residue calculated to the MAF basis is given in table 61.3 


TABLE 61. - Properties of lignite mined for wax extraction 
as mined as processed 
69.5 68.7 
0, 1. 


Reduction of volatile matter content as a result of wax-extraction should be 
noted. General properties of American montan wax are presented in table €., 


Moisture, ..ceceeoeee Percent 
Volatile matter.percent, MAF 
Fixed COPr0ON 6b tbeeewacwe GO 


Spent lignite from wax-recovery operations is used as an additive to control 
the viscosity of drilling mud in the tanning industry and in the production of 
fertilizer as a filler. It is claimed that spent residue has fertilizing properties, 
acts as mulch, improves soil porosity, restores organic matter, and contributes 
humic acid to the soil. 


2 


From a letter written by F. J, Deangelis, General Manager, American Lignite Co., 


Aug. 5, 193. 
3/ See footnote e, 


Google 


115 


"$105 ‘QUO] 07) sJoNposy e4jubI7 uDDWaWy ‘e41ub1) Wo1y xDM UDJUOW JO UOIJOD44YXI swios601p SSO2014 - "97 aunbi4 


3Vd 3LINSIN LIN3dS OL NVd ONIAIZO3U XVM 
2 | | 


XVM WONS LN3AIOS 
aLVevd3s OL THLS 


WV3SLS 
wv3als 
YAaLVM Y3SLVM u3SN30NO0 
3OvVYOLS 
ual 
NOLLVYSdO ONINOINYUL ONY ONINIW dIuLS 


LWUYLX3 


30VUOLS 
SAWS LN3dS 


3LINOIN IN3dS WOus 
ANSAWS JLVEVdSS OL TNLS 


WV3LS 


Y3SSN3SONO9 


ZOvVuUOLS 
aw) walis 


Y3ILVM 


3 
“TWA - USWAVH y3aHsnys) 211NOI7 
D sid JOVUOLS 
20VUOLS 
LN3A10S 


YOdVA U3Z1VM 
S3SV9 10H 


oogle 


C 


116 


TABLE 62, - General properties of American montan waxl/ 


VDC ie a ais G.is'6'a ia oib 06.0 '6:05.0% 61S 00016 BS wa Oe Swe aS Alpco 1 Alpco 235 
Melting point, ASTM, D-127-49....cccccece cee 83 - 85 82 - 8h 


Acid VOLUN oeis's Reales eso eeus ob ewe we ewe wens 50 - 55 45 - 50 
papon lf ication. Value. ss sss4 és swe sidaw scree be eis 118-12) 107-112 
CO TOT ics tatoo se a Se reece oo. e oa 6ia-0 6S ba OS Ow Ek ew Brown ish- Brown ish- 
black black 
Resin (cold ethyl ether).......eeeeee-percent 21 - 2h 19 - 21 
Asphaltic constituents (paraffin method)...do,. 3-3-3.8 2 .9-3.3 
MAN 66-6 sss eo wee ea 66s oe URES hisses eneeeendOs 0,2-0.5 0,2-0,4 


Specific BON UY ia.dae be atae Stee ee We Mere kee wee ees 1,02-1,03 1,02-1.04 
HPACUCUL O's e60.a16:Grs.S.0 wi oiese- 66 weuteee Wee ee eleee ces Conchoidal Conchoidal 
Insoluble material (hot benzol) .ccccccccsccces Trace = 
Ultimate analysis, percent: 
PB iad oo eiaterd 6:0 Sw 6:00 eS Ew ERROR e EES QO, 
[Sai © ggl [0 2 Neer ra or a ee eg gE aT ae ner ree 79.4 
HV OPO GON 6 666s: 6S e666 ar8 6b So CHES WE aOw eae eRe 12,2 
IN AAO PON a ay sare 5 66 wea be bB eee bee eek ewes 0,0 
0.3 


mo LU LE Ul? 6G 66 Washo We orb OS ee Wea ee ee Cw hos es 6 
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Mess sesenccecsesesnccssesenesnsessenees e 
From a letter written by F. J. Deangelis, general manager, American 
Lignite Co,, Aug. 5, 1953. 


Extraction yields from various American lignites and some subbituminous coals, 
are compared in table 63 using benzene-ethyl alcohol solution as determined in labo- 
ratory experiments by Selvig (14), Extraction yields with benzene-alcohol solutions 
were from one and one-half to two times those obtained with benzene alone, owing in 
part to solution of more resinous and asphaltic substances, Selected samples having 
the highest wax yields are reported for each type. 


Yields from the American Lignite Products mine, Ione, Amador County, Calif., 
were the highest. Yields from this lignite were 6 times greater than yields from 
North Dakota samples. Extracts from subbituminous coals tested were comparable to 
those from the Dakota lignites, whereas those from Texas lignites were slightly 
higher, 


Recovery of Elements in Ash 


Many coals, including lignite, have certain elements present that may be 
relatively concentrated compared to the average percentage existing in the earth's 
crust. Chemical properties of these elements are quite dissimilar, with chemically 
diverse elements such as beryllium, strontium, boron, scandium, zirconium, vanadiw, 
cobalt, copper, gallium, germanium, arsenic, silver, and weanium having been reported. 
More common elements, such as calcium, aluminum, iron, phosphorus, and sulfur, make 
up the bulk of coal mineral matter ( 9). 


At present, two elements, germanium and uranium, are of particular interest. 
Uranium deposits in lignite occur to the greatest extent in an area including south- 
western North Dakota, northwestern South Dakota, and southeastern Montana, The con- 
centration of uranium in natural lignite is variable, but in the area memtioned some 
beds contain slightly over 0.01 percent (8). Burning the lignite would result in 
concentration of the uranium about tenfold, Such a residue may be considered for 
commercial uranium recovery. The possibility of using lignites with high uranium 
content in existing power plants and recovering the ash has been suggested (8). 
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Germenium is essential in manufacturing transistors and is in short supply. 
The only commercial source of germanium in the United States is in byproduct re- 
covery from the production of electrolytic zinc. The current price of germanium 
is about $350 per pound, and some 2.5 million pounds of zinc ore is processed for 
each pound of byproduct germanium recovered. The average germanium content of coal 
is about 0.001 percent, making the germanium in each ton of coal worth about $7. 
Interest in the recovery of germanium from coal ash is increasing with market de- 
mand. Future needs have been estimated at 20,000 to 80,000 pounds yearly. 


Enrichment of germanium in coal is generally believed to be the highest in 
woody coal occurring at the top and bottom of the normal coal seem and in sedi- 
ments, High-ash coals usually have lower total germanium contents than otherwise 
comparable low-ash coals because the germanium is ordinarily present in the inher@mt 
rather than the extraneous ash. The extent and nature of the mineralization of the 
surrounding rocks, as well as the type of coal-forming plants, may also have impor- 
tant bearing on the germanium content. Some 26 localities have been sampled recently 
in Montana, North Dakota, and Wyoming (15). Three of the samples - 2 from Montana 
and 1 from North Dakota - contained enough germanium (about 0.21 to 0.23 powd of 
germanium oxide per ton of coal) to be listed as germanium rich, It should be noted, 
however, that in the reconnaissance sampling only the blocks most likely to contain 
concentrations of germanium were tested; for example, the top and bottom of the sean, 
and woodylike coal, 


Controlled Oxidation 


Lignite and other coals may be oxidized at low temperatures, with partial de- 
gradation to relatively high molecular weight products, such as aliphatic acids, 
water-soluble polycarboxylic aromatic acids, and complex so-called humic acids, in 
addition to the usual carbon dioxide and water of high-temperature oxidation, The 
nature of the degradation products depends upon the oxidation method and the material 
oxidized, 


A pilot-plant process for controlled oxidization of higher rank coals was 
developed at the Coal Research Laboratory of the Carnegie Institute of Technology 
(7). Essentially, the process consisted of oxidizing a coal, alkali, and water 
mixture at fram 200° to 300° C, under 600 to 1,200 p.s.i. pressure, Ash and 
insoluble carbonaceous material were removed by filtration, The solution was 
acidified with mineral acid and extracted with methyl-ethyl ketone, The solvent 
was distilled from the extract umtil a syrup consisting of 50 to 70 percent 
aromatic acids was obtained, After further drying in a vacuum rotary drier, 
the acids were pulverized in a ball mill, The total yield of acid averaged 
approximately 50 percent of the coal weight and of finished acid about 32 percent. 


Data indicate that the lower the coal rank the greater the reactivity and the 
lower the yield of carboxylic acids with cyclic groupings (7). Potential uses for 
these coal-oxidation acids are as plasticizers; in the production of glyptal resins, 
as lubricants, as metal cleaners, as dispersing agents, and as substitutes for 
other organic acids, The potential demand for the coal acids, chiefly as replace- 
ment for phthalic acid, has been estimated at some 150 million pounds per year, at 
prices not over 15 cents per pounds, 
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Miscellaneous Applications 


Several miscellaneous applications of lignite for other than combustion uses, 
either in processed or natural forms, have been suggested, Of interest would be 
the manufacture of various carbon electrodes and brushes, ion-exchange material, 
and calcium or silicon carbides, 


According to Lowry (11, p. 359), sulfonation of natural coal substance 
produces a high-capacity base-exchange material, The apparently greater reactivity 
of lignite might be of value in developing an exchange material, Low cost would 
aid competition with synthetic resins for large applications, 


At present, electrode and brush carbon is made primarily from graphite, 
anthracite, or pitch. low ash content is advantageous for preparation of electrode 
carbon, In preparing carbons for electrothermal processing - production of phos- 
phorus and of calcium and silicon carbide - requirement as to ash content is less 
severe, Although lignite has a relatively low carbon content, satisfactory carbons 
for electrothermal uses could presumably be produced if local demand, based on 
cheap power, should develop, 
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